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rOP.EWORD 


This  report  presents  the  final  results  of  one  of  the  projects  participating  In  the  military -effects 
programs  of  Operation  Hardtack.  Overall  Information  alxjut  this  and  the  other  military-effects 
projects  can  be  obtained  from  fTR-1660,  the  "Summary  Report  of  the  Commander,  Task  Unit 
3.  ”  This  technical  summary  Includes:  (1)  tables  listing  each  detonation  with  Us  yield,  type, 
environment,  meteorological  conditions,  etc.;  (2)  maps  showing  shot  locations;  (3)  discussion  of 
results  by  programs;  (4)  summaries  of  objectives,  procedures,  results,  etc.,  for  all  projects; 
and  (5)  a  listing  of  project  reports  for  the  mllltary-effects  programs. 
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\  ABSTRACT 

The  purpose  of  this  project  was  to  «>og uin effects  of  blast  forces,  radiation, 
and  water  waves  resultlnt;  from  nuclear  explosions  onvaTTDMaMtjjport-type  structures  and 
previously  exposed  teat  structurec  located  on  the  various  Islandso^hls^jdvwtok  Proving  Ground, 
The  major  effort  of  the  project,  a  Joint  Waterways  Experiment  Station  anJ^BtgMi^nd  Narver, 
Inc. ,  effort,  was  concentrated  on  the  early  shots  which  were  expected  to  yield  thembst  signifi¬ 
cant  Information  for  this  project.  To  cover  any  supplementary  Information  from  the  later  shots, 
because  the  project  was  to  be  a  minimum  effort  of  funds  and  personnel,  arrangements  were 
made  with  Holmes  and  Narvtr,  Inc.,  for  the  project  to  receive  appropriate  additional  data  from 
the  later  shots  from  the  damage  survey  normally  conducted  by  that  organization  In  the  field. 

This  report  contains  the  general  effects  data  for  the  stations  Investigated  from  all  the  shots  of 
concern  to  cnls  project. 

No  electronic  recording  was  utilized;  however,  self-recording  measurements  of  air  over¬ 
pressure  and  accelerc.tlon  were  made  ~.t  several  .statloas,  along  with  some  measui  umentc.  ot 
erosion  due  to  water  waves.  The  damage  surveys  were  performed  by  visual  Inspection,  photo¬ 
graphs,  and  level  surveys. 

The  curve  used  for  predicting  air  overpressure,  the  most  important  parameter  In  determining 
blast  damage,  proved  to  be  reliable.  Observed  pressure  data  obtained  during  this  operation 
correlated  well  with  the  prediction  curve,  which  was  based  on  data  obtained  from  previous  op¬ 
erations. 

The  curve  used  for  predicting  acceleration  for  floor  slabs  of  structures  appears  to  give 
reasonable  values.  However,  limited  data  was  obtained,  and  the  over-all  reliability  of  the 
prediction  curve  is  uncertain. 

It  was  found  that  the  path-of-least-reslstance  method  for  predicting  radiation  within  structures 
proved  adequate.  The  slant -thickness  method  did  not  give  realistic  values. 

No  structural  damage  was  observed  which  was  attributable  to  thermal  radiation.  Steel  was 
observed  lor  exposures  up  to  1,400  cal/cm*;  concrete  surfaces  showed  minor  spalllns  at  650 
oal/cm*. 

Structural  damage,  due  to  water  waves,  may  be  neglected  lor  close-in  structures  designed 
to  withstand  air  blast.  At  greater  distances,  where  air  blast  Is  of  no  great  consequence,  water 
waves  must  be  considered  In  structural  planning. 

Damage  to  camps  (light,  wood -frame  type  construction)  was  Investigated.  The  damage  data 
compared  with  and  amplified  the  data  contained  In  TM  23-200  (Reference  8)  pertaining  to  wood- 
frame  structures.  Damage  to  antennas  and  radar  reflectors  correlated  well  with  data  In  the  ref¬ 
erenced  manual  also.  The  curve  of  Reference  B  for  predicting  damage  to  three-story,  blast- 
resistant  buildings  Is  also  adequate. 

Reinforcing  steel  in  rnn's  of  bi.iet 'resistant  structures  should  be  designed  to  provide  more 
uniformity  of  strength.  Positive  relntorcement  should  be  continuous  extending  over  supports; 
at  least  one-hall  of  the  negative  steel  should  be  carried  beyond  the  point  of  Inflection  a  sufficient 
distance  to  develop  the  allowable  stress  in  such  bars  or  a  dUtanre  equal  to  the  depth  of  the  mem¬ 
ber,  whicnever  distance  is  greater. 

A  ground-surface  21,000-galion  water  tank  of  '/,-tnch  bolted  steel  plate,  3  feet  high  and  22  feet 
In  diameter,  suffered  only  light  damage  when  exposed  to  pressures  of  6.5  and  7.0  psl. 

Heavily  relnforced-concrete,  earth-mounded  structures  (walls  and  roofs  5  to  6  feet  thick  with 
spans  up  to  5  feet)  survived  air  overpressures  up  to  1,000  psl. 

Objects  located  close  behind  earth  mounds  within  a  distance  approximately  equal  to  the  height 
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of  the  mound  received  considerable  protection  from  dynamic  pressures  at  overpressures  of  35 
psl  and  lovifer. 

Exposed  3tandard  2-lnch  and  4-lnch  water  pipes,  Including  standard  rising-stem  valves,  sur¬ 
vived  pressures  up  to  8  psl  without  any  sign  of  damage. 

The  method  u.>ed  for  predicting  pressures  at  a  zero  angle  of  Incidence  on  the  front  and  rear 
faces  of  dlffractton-type  targets  Is  satisfactory  for  both  design  and  analysis  purposes.  At  ang'os 
of  Incidence  greater  than  zero  however,  the  method  Is  satisfactory  for  design  purposes  only.  The 
predicted  shape  of  overpressure-time  curves  for  the  roof  of  dlffractlon-type  targets  was  not  In 
close  agreement  with  measured  results. 
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PREFACE 

This  project  was  a  Joint,  coordinated  effort  between  the  U.  S.  ^rmy  Engineer  Wateiways  Experl* 
ment  Station  (WES),  Vicksburg,  Mississippi,  and  Holmes  and  Narver,  Inc.  (H&N),  Engineers 
and  Constructors,  Los  Angeles,  Caluornla.  This  Joint  venture  v.'as  made  p<]sslble  by  the  efforts 
of  personnel  from  both  the  Armed  Forces  Special  Weapons  Project  (AFSWP),  and  the  Atomic 
Energy  Commission  (AEC).  For  WES,  the  project  was  under  the  general  direction  of  E.  P.  Fort- 
son,  Jr.,  F.R.  Brown,  andC.  L.  Arbuthnot,  Jr.,  with  W.J.  Flathau  designated  as  the  project 
officer.  For  H&N,  the  project  was  under  the  general  direction  of  R.  R.  Alvy  and  S.  B.  Smith, 
with  R.A.  Cameron  designated  as  the  assistant  project  officer.  Special  recognition  Is  given  to 
Cupt.  E.S.  Townsley,  of  WES,  who  prepared  the  appendix  on  radiation.  Also  contributing  to  this 
project  were  ^2  R.  P,  Andrew,  Pfc.  C.W.  Denzel,  and  Pfc.  D.G.  Brown,  of  WES.  The  co¬ 
operation  received  from  personnel  of  the  Los  Alamos  Scientific  Laboratory  (LASL),  the  University 
of  California  Radiation  Laboratory  (UCRL),  the  Stanford  Research  Institute  (SRl),  and  the  Ballis¬ 
tic  Research  Laborato^'les  (BRL)  greatly  assisted  this  project  In  meeting  iis  objective. 
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Chapter  / 

INTRODUCTION 


1.1  OBJECTIVE 

The  objective  of  this  project  was  to  record  and  evaluate  damage  from  blast,  radiation,  and 
water  wnives  to  selected  pre-existent  and  ne<v  structures  at  the  Enlwetok  Proving  Ground  by 
examination  and  measurement  before  and  alter  certain  test  detonations.  The  damage  properly 
assuciated  with  shot  geometries  can  provide  valuable  Information  to  designers  and  planners  of 
structures  to  resist  the  effects  of  nuclear  weapons. 

1.2  BACKGROUND 

Many  structures  have  been  bull.  i.iior  tests  at  the  Enlwetok  Proving  Ground  for  the  purpose 
of  housing  scientific  instruments  In  extreme  environments.  Damage  to  these  structures  was 
reported,  but  their  exposure  to  nuclear  effects  was  only  Incidental  to  their  function,  and  the  op¬ 
portunity  to  gain  useful  Information  from  their  behavior  was  not  exploited.  In  addition,  consid¬ 
erable  effort  and  funds  have  been  Invested  in  prior  operations  for  structural  tests,  per  se.  Some 
of  these  structures  still  exist  In  an  undamaged  or  partially  damaged  condition.  Since  a  number 
of  these  structures  were  supposed  to  be  subjected  to  severe  loading  conditions  during  Operation 
Hardtack,  an  opportunity  was  afforded  to  obtain  valuable  Information  on  structural  response  and 
damage  with  minimum  additional  effort.  Therefore,  this  project  was  planned  to  exploit  the  op¬ 
portunity  to  gain  general  Information  that  would  amplify  and  supplement  existing  design  criteria 
and  concepts. 

The  selection  of  pre-existent  stations  that  were  Investigated  was  based  upon  an  ou-siLe  sur¬ 
vey  of  structures  made  In  November  1957.  Certain  new  test  structures  were  also  included  where 
It  was  predicted  that  they  would  be  subject  to  high  pressure  and  temperature  or  destructive  water- 
wave  action. 

1.2.1  Previous  Damage  Surveys.  Damage  surveys  were  performed  for  Operation  Ivy  (Ref- 
erence  1),  conducted  In  1952,  and  for  Shot  1  of  Operation  Castle  (Reference  2),  conducted  In 
1954,  These  surveys  described  damage  from  a  total  of  three  shots;  for  this  reason,  no  overall 
discussion  of  damage-distance  relationships  as  a  function  of  shot  yield  was  made  In  either  report. 
In  addition  to  the  published  reports  (Peferences  1  and  2),  Holmes  and  Narver,  Inc.  (H&N)  made 
damage  observations  and  took  numerous  pooiogruphs  of  scientific  stailons  during  operatlr^n  Castle 
(1954)  and  Operation  Redwing  (1956).  The  postshot  damage  reports  prepared  by  H&N  were  given 
only  limited  distribution  within  the  I  EC.  Since  no  complete  damage  turveys  are  available  for 
Operations  Castle  and  Redwing,  the  H&N  reports  were  reviewed,  and  a  summary  of  the  miscel¬ 
laneous  damage  observations  arc  tabulated  in  this  report  lor  the  first  time  for  a  more  general 
distribution. 

Shot  geometries  with  pressure  contours  for  Operation  Castle  are  shown  In  Figures  1.1  and 

1.2  lor  Bikini  and  Enlwetok,  respectively.  Table  1.1  summarizes  the  blast  damage  observations 
for  Shots  2,  -1,  5,  and  6.  Damage  due  to  Shot  1  is  thoroughly  presented  In  Reference  2;  how¬ 

ever,  pert*no~'  results  are  presented  in  Chapter  3  of  this  report. 
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Shot  geometries  with  pressure  contours  for  Operation  Redwing  are  shown  In  Figures  1.3  und 
1. and  the  summary  of  blast  damage  observations  Is  shown  in  Tables  1.2  and  1.3. 

The  summary  of  blast  damage  observations  lor  Operation  Hardtack  is  shown  In  Table  1.4 . 
Salient  conclusions  reported  during  previous  surveys  (References  1  and  2)  are  given  below. 

1.2.2  Conclusions  from  Ivy  Damage  Survey  (1952).  (1)  Exposed  steel  beams  and  pipes  attached 
to  structures  were  damaged  or  destroyed  by  overpressures  of  11  psl  and  greater.  (2)  Small  Bulld- 
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4,100  galioB  watar  taaka  in  ptaoa. 

Fox 

1 

Bravo 

Uodamagad 

61,000 

to 

Station  40.01;  antaana  array  ot  fiva 
TS-foot  tryloo  tewara;  gu^  at  3 
lavala;  s  guya  at  aaeh  guy  laval. 

Nan 

11 

Yankao 

Complalaly  lavalad 

TObOOO 

1.3 

Station  1301.04;  T6-4oet,  a^junra, 
ataol  photo  towar. 

riald  Qaaaratora  and  Fual 

Janat 

Tanka: 

4 

Naotar 

Jlodsrata  damaga;  towar  undam- 
agad;  oab  frama  waa  twtalod  and 
mambara  bant;  eab  altLng  Md 
rollup  doora  dnmniod  bayewd 
praeUeal  rapalr. 

10,440 

46 

Building  OO-SOO;  fiva  T8-KW  gan- 
aratora,  3  pontoon  hial  tanks 
tactad  bv  high  surrounding  barm. 

Dog 

1 

Bravo 

Uodamagad 

40,400 

4.8 

Station  110.03;  aapoaad  goLtratora. 

Dos 

1 

Bravo 

Damtged;  extant  uareported. 

41,8C9 

4.1 

Dtilittaa: 

Statioa  1821.01;  axpoa^'d  vacuum 

Sugar 

S 

Koon 

Ilodarnia  damaga 

6,600 

4.3 

*  Covari  obMt  vaUom  nucto  aukMquani  to  tbo  Shot  1  damMo  aurvoy  roportad  la  Roforosca  t 


Ings  covered  with  thin  sheet  metal  over  diagonal  wood  sheathing  generally  withstood  overpressures 
up  to  5  and  S  psl.  However,  one  structure  of  this  type  was  badly  damaged  by  an  overpressure  of 
4.5  psl.  (3)  Lightly  constructed  wood-frame  shacks  sheathed  with  corrugated  metal  and  located 
In  regio:.:.'  with  overpressures  greater  than  4  psl  were  completely  destroyed.  Mo  structures  of 
this  type  were  located  In  regions  subjected  to  less  than  4-p8l  overpressure.  (4)  Palm  trees  were 
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Figure  1,4  Shot  geometry  with  pressure  contours 
for  Eiilwetok  AtoU,  Operation  Redwing  (19561. 
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TA«LK  M  OlttKVATIONI  OF  OKOtl  DAMAQK:  OPKIUTIOH  KKDWtMO.  CNIWCTOK  ATOLL 


TR533“ 


•  It 


Mittt*  lIll.Mi  aMtr’vtt  tflfctrtt^ 
mUt,  rtti  mi  flttr  •  tm  llrielt 
tetvtty  rtltltrtt^  ttilfc  <^r  I 

tHH—  mil  aWM  criM^  I »  •  iMt 
UmI  4ttr  tmmU  Um-m  It  MtM 
vttti  Amt  twltM  tl  %  lath  M«tr> 
piMt.  i*\  lath  fctHtlil  tUSMirt 
•llllMfeMt.t.  «||AIii\|mIi 
ftn^t  m  tl»  tHaMrt. 

•iMtta  T»Mi  Abtvt  trMii  MMttl,  11 
%  II IM  ^  •  IMI  Mcl^  MUt  mi 
rml  itmi  tmkm  iftMa  •.4  ptrtMi 
rtiytrtf  n  tMh  wm,  MtA  (Mt. 
la  valla  mi  rwf. 

t  tatirttilaa  Caaptt  (A«aaiMM 
tl  »plttl  miinmiMi  attr  •■•wit 
tlitat  UfM  mmi  tnm  tUmtum  tnm- 
•i  wtili  I M  4  ImA  Mail  mi  tfaatt*  rall- 
tra  a  IM  ta  aaaian  %  Imk  talthar  My- 


UadaaMftd;  tarih  tovtr  alaMtt  CMapItItly  BtO 
bitaa  awtji 


•iraeiajrally  uadtanitj,  blatl  door  ttvtrt*  1,410 
ly  dftgtat  dear  letAlat  haaAtt  thturtd 
oft  door  hlaeo  wa*  Atal  oa  tAal  It  vac 
l■aoaalblo  It  ^aaa  lAt  door. 


CcMataly  dtatrvoa^  oalp  Un  boat  alab 


Ufltt  vaa4  IraaM  atrvolarat. 


Ttala  I 

Wood  Praaad  atratlarti 
ittllaa  1IM|  oooMMIallir  vtadavloaai  t 
K4lathtaidialtota.o.  aadlKdlatb 
roAora  t  fioi  a.  «>  j  ^  latA  aatortar  ply- 
voadftdftp. 

fttMaa  IIMi  rabaMlHaiod  to  aa-MH 
otadittoa  alftv  laCrteaa  abti. 


Vvoant  LaCrottv 

Yvoaat  UCrattt 


Uraala  Kltlnpot 
Urtala 


Ttaaat  LaCraaat 


«tvoa  froBwc  failt^  Mata  collnjttd. 

•apt;  aldtt  ct  taaiMlaf  a  cavad 
,  I  tali  Alova  oft  loaiar  vallod 
lat  vaa  wwlatpal 
Conpltlt  dttirve«tai  tAt  aM  vaa 
od  laavtat  taly  lAt  floor  tlaAo. 

UfAl  ^Btpct  totatal  plyvood  ptatlt 
voia  laraort  aft  tAo  roar  vail  tf  tAtdti 
alaataoM  raal  poatl  Alova  aft  too  roof. 
Co«ploio  daoirvettOAi  mif  alaotrtaal 
lot  tad  etaaitit  Hoar  tlaAo 


Ccaplati  daatrvotlaa  aaoapt  lor  ooaoraia 


t.lOO 

t.HO 


i.tec 

I.MO 

I.MO 

t.lOO 


Modaraaa  diaipii  tad  vall»  ftulag  Alaai  t.OM 
vat  paoAod  lavaift  aldt  vallt  vara 


Coiaplaloly  dtatroya^  valla  vara  aavad  t.lM 
Hi  roof  Ml  la. 


taaki  U  Itai  dlftltr,  •  Iat4  AftA,  % 
laoA  aloal  plolai  Ml  at  tAol  flaa. 

LlgAt  fltlfloat  (Wood  frat  AlUAotrda 
vltA  %  laaA  p|>vtad  aMagi  laalag  Aloft 


laCrv.**  No 


t.llO 


ol  Aaar^  Aattf  al  AaoH  U  aaipaittdAy 
t  Aortaoolol  tia  It  tAa  AaoA  attiri)* 
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1,100 


t.s 

t.s 


IS 

o.n 


llA4i  •  Iwt  AlfA  %  44  laat  vidti 
iaar  4  m  Id  laoA  poata;  dtar  4  m  d  laaA 
haoAatqrt. 

Yvooaa 

taCmoaa 

Daatrepod 

T«dM 

l.T 

ftattaa  lldli  1  AUftoarda,  oaaA  1  foot 

YVOMN 

LaCroaaa 

Mo  apparaat  dtotafo 

Ittv 

l.d 

AlgA  Ip  11  laol  vlfti  loo  4  M  d  imA 
paata;  tea  4  v  s  iwA  Aatk  olftt. 

Iria 

Deatrayad 

l,d04 

Id 

•tattoo  lld«  d  tool  AlfA  ^  IS  laat  vtdoi 

Yvooaa 

LtCroaoa 

Ho  apparaat  ioBBafa 

T,HS 

1.4 

ivar  4x1  Uv'h  poaUs  fear  4  «  9  laaA 

AacAalayt 

CHa 

Dtalroyad 

S.lOO 

Id 

•ttttea  ISdli  1  AUlAoarda.  oacA  d  foot 

Yvoaaa 

LaCroaaa 

No  aiparoBl  daoMio 

d,d4S 

S.4 

apaaroi  too  4  m  d  laoA  poata;  too  4  k 
dlaoA  AMAatayo. 

Kria 

Daatrepod 

I.IM 

11 
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TABLE  t.«  DAMAOB  lUMMABY.  OBIMTIOM  HAEDTACK 


ItracUr* 

EMMA  IMI,  CMlto.  PEAlAhMtor. 
1-taw  MarlM  UfE.  mBigii  tnm 
■■la  Braw  wB  Bww*  •!  Qntallw 

CMito.  NABaBtfaCrMiOta'Mtw 
Wataiig. 

■WMW  ME.Et.  BaBHai-  C«MWia  ttal* 
lar.  Na  tawagi  Bwi  QpanMw 
BAtaiag. 

iwtiw  UIB.  IMviag.  BMMarwi* 
uiMriM  gtaia  taitor- 
Buliiii  tMI.  Cawitat  tttaic  MBtaa. 
N*  jiwija  fraa  OparMw  Batat^- 


al  OBaraHaii  CMila.  Na 


•lattw  Ilia.  CaaiBil  aaawaa 
UaiiHriwii  ralalirna<  iwi 

tirwa^ra. 

EiaUw  Ufa.  Caawalar  pit,  * 
aaa.  aar*  mmM. 

EMrtaa  tIM.ai.  Cawiwa  kw 
awUwim.ai.  Cawraiataa 
iwMw  aaa.ai.  BanaiaaMca 
fainwaatattaa  pli  lar  raila 
Blattw  Caa^Baa.  A  laainii 
aBUttaa  la  tail  Batalag  <aai 
a<  AaBaw  IIM.  liig.  mi  1 
aa^i  la  Miartar  af  awuia 


ItaaralaUw. 

giatiaa  Ull.  A  aawraH  ameur 
atauaa  mvaBmI  vBB  aaftg. 
g^wUiaanBlltl.  AralalaraaB- 
Miaorm  airwiara  aaB  tarauaaa  af 
glgaUw. 

gyittaa  I  4.  A  lalalarnai  oiwriia 
alpMl  larMlaAl  pit. 
gtatlw  Ull.  A  raltaaraag-aaaerala 
rwerdlag  aiaMaa. 


BlaUas  1.1.1.  Tarwalar)>.  aialU- 
ciipirtaiaat  laat  atrwiarat  sawnii 
rraaM.  awal  Baaa,  ata  aawraia  atoar 

wall  eaaaUwHw. 

autlcBaa>B.  Balalaraag  oaaariia  gaga 

plar. 

Mattwn.ai.  A  ralalaraag-aoaerala. 

aartk-aMaaBag  UaMag  alMaa. 
•tallwliaa.  A  falalai  uaB  wawrUa 
toaBMf  wBli  a  alBa  taawl. 

•tattaa  UU.  A  iilaliinU  manrala 
to-nalaal  far  a  plpaB^i’ 
auUaamt.  A  ralalarwg^^ncrrt?. 
•aftk-Maaatag  Trtiw  Mr.Uoa. 

MaUea  Ilia.  A  larga,  aMaalva, 
nttaloroad  ooacrma.  aarth« 
nt'-wBad  amtaara. 

••al  llractaraai 
iUUoaa  lU.Ol  aad  lU.ll.  BaBaiag- 

•iwl  baaaia  aad  rraaaafa<gaga  akouata. 
gtallaaa  M.ai  Ikrwgk  ia.aa.  Waiar* 
waiagacaa. 

gtaUw  9.1.1.  Tkrw-alary,  aaBU  ■ 
eaa^artawai  laat  atmektrai  e<  .-k^rala 
(rama,  aiwi  fraaa.  and  fr-  '.^ia 
akaar  wall  oaaatfw*toa 


Otai 


RSXl 

MaalOMiBi  Damiga 

NoMar 

•pacial  Romarka 

900 

Raaara  Baatga 

1 

l.MQ 

riaa^liialy  Biairajrad. 

1 

laiarlor  radiation  mooaaraaMat. 
Wava  acttaa 

i.foa 

Caitalaialjr  Oiairapad. 

4 

10 

Nodawagi. 

1 

laHHor  radiatloa  aMaaiirarr.oa|. 
Wa«o  ocuaa. 

91 

UgM  daaiaga. 

0 

aao 

No  dawagi. 

19 

1,400 

NadaaMga. 

14 

1,000 

No  Bawaga. 

11 

1,000 

Nodawaga. 

14 

100 

Nodaataga. 

It 

41 

Balalalag  wall  faltad. 

11 

lato.  lar  radlaiirn  aMoavroBMai. 
Wava  acUea. 

44 

iavara  ^■iga  la  raiaiaiag 

wall. 

10 

Tkartoal  radiatloa.  Wa«o 

aeiloa. 

a 

UgHdawaga- 

M 

TOartool  radlallaa. 

a 

Nodakoaga. 

11 

94 

No  daaiaga- 

11 

laiarlor  rai’iotloa  aMoaai  oaMot. 
Wavo  actlaa. 

M 

No  daaiaga. 

It 

Blaat  dlttraouea  aia^  lAppaadU 
B).  TlwraMl  radlatfoa.  Wava 
actloa. 

90 

FroBi  llgkt  daauga  to 

oollapw,  dapaadlaf  on 

tjrpa  af  atrwiara. 

H 

Tkaao  alructoroa  wart  auO)octtd 
la  rapaaiail  loadlaga  la  tka  10 
pal  la  f  •  pal  (aw-otwaaarw) 

raago. 

14 

Oanora  daaiaga.  falhira  at 
haw  of  aloai. 

U 

Ilnictoral  raapoaaa  aludy 
(Appatdto  C>. 

IT 

No  daaMga. 

to 

400 

Llgkl  daaiaga  la  Niaaol  only  ■ 

91 

Tkarttal  radlattoa,  OH  eal/cai*. 

440 

No  daaMga. 

99 

!.??? 

S'  ,.'.v  *f*  rvtnlning 

«all.  ItgkidaaMaOM 
acrwcmro- 

94 

14 

No  daaiaga. 

94 

1,100  Coiaplalaljr  daatrayad.  9 

940  10.01  >  aa.ai  daatraya^  14.09  10  klaalNMM  totel  IharaMl 

iBanEtl  radlatiaa  1,000  aal/em*. 

fO  rraai  UgM  dawta*  4o  ««!'  Vteaa  afaetaraa  war#  MB)aat 

Iww.  iliaiartiBi  ea  Brpa  Id  rap«i*i»*  laaiBaga  la  tta 

of  atmeairo.  10-pal  aao  10  pal  ovarpraa- 

aar*  raaga- 
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IMU>  t  *  rONTIN(’»t> 


MMImum 

_ nveryrf  ur^ 

SUtlon  <■.  mwniMl  on  « 

■tnH'turitl-RlMt  I'ltilorm. 

!IUUa)iii  ISIS.fll  lo  0  04  Four  tlMl-  4&fl 

pip*  lot«r*  •nrtMd  bv  pljrwoail 
oov«rt«c. 

Wood  Pr*in»  atructurat; 

t'Ution  1410  01  Wondwi  atolMr  •arth-  JOO 

moundad. 

auUM  1410.01.  Waodau  ahallar  aarth>  141 

moandad. 

Ittauoa  1410.09.  Wrodan  atollar  aarth- 
iimaadid. 

auuaa  1010.  PIjrvaad  caMinMUan  91 

haraaaa  MatlOM  laao  aad  1090 

Caaatrwetlaa  camp.  o.  1 


Catiatraetlaa  camp. 

CopatnMtlop  camp. 

CaaalnwUoa  caiap. 

MlicaUaaaoua  ati^acUraa; 

«'^oa  2IM).  IS')  f\  to«*r  or  (cpnf 
coBcrata  phMo  t-aakar. 

Uaaaraiara.  Four,  TO^kva.  dtaaal* 
ilriaaa  maIU. 

Hallcoplar  pad.  Itaal  laadla«  mala 

Statlaa  9.1.9.  Uadarfraaad  Mai 
ainwlara. 

UadliV  p4ar. 

WaMrlaak.  A  tt.OOO-tallaa  teak  a( 
f^'laah  alaal  plam.  •  laal  Mpk,  aad 
10  laal  10  laehao  M  radia*. _ 


Maximum  uamapa 
Savara  damapa. 
ComplaM  daaiructiaa. 


IMM 

Numhar 

91 

la 


apsria)  damarka 


CompIcMl:)  daatrurad.  T 

Coi.pMMlir  daatrapad.  0 

Coa^laMly  daalrapad.  0 

Plywaad  raaai  daairapad.  II 

No  ditmaga  (ram  aap  a(  Ida  Nan 

ahau. 

Saaara  Jamaga.  tlkaa 

CamptoM  daainieUaa.  daaat 

CamplaOa  datlmetlaa.  VvaaM 


No  damapa. 

Pavara  damag*. 

CoiMlaM  daalnicUaii. 
No  damaga. 

U«M  dftiMgo. 
tdglii  damaga. 


It 

19 

94 

90  Waf«  acUoa. 
9T 


destroyed  by  air-blast  ov  .rpreasures  of  4  to  5  psl  and  greater;  none  were  destroyed  by  over¬ 
pressures  less  than  4  psl. 

1,2.3  Conclusions  from  Castle  Damage  Survey  (1954).  (1)  The  blast  wave  of  a  Ij.O-Mt  sur- 
face  burst  caused  considerable  dnmattc  to  light  wood-frame  structures  ..ut  a  radius  of  about 
16  miles  from  ground  zero.  (2)  Trussing  and  knee  bracing  was  effective  In  decieiei.m  ...o 
Ity  of  damage  to  light  wood-frame  buildings  at  great  distances.  (3)  Heavily  relnforced-concrete, 
above-ground,  shelter-type  structures  subjected  directly  to  the  blast  wave  received  slgnUlcaiU 
damage  as  far  away  as  1.5  miles.  It  was  not  known  how  much  farther  this  damage  would  have 
extended.  (4)  Earth  cover  appva.cd  to  provide  a  considerable  degree  of  protection  from  air 
oitock  to  relnforced-concrete,  shelter-type  structures.  The  addition  of  the  enrth  cover  appeared 
to  be  beneficial,  primarily  due  to  decreasing  the  blast  loading  by  Improving  the  aertjdynamlc 
shape,  which  In  turn  reduced  reflection  factors.  Also,  there  was  a  possibility  of  slight  attenua¬ 
tion  of  pressure  Incident  on  the  structure,  depending  on  the  depth  and  condition  of  the  earth  cover. 
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Chapter  2 

PROCEDURE 


> 


2.1  SHOT  PARTICIPATION 

The  objective  dictated  that  this  project  (a  joint  WES-H&N  eilort)  adequately  document  informa¬ 
tion  from  nearly  all  the  Operation  Hardtack  shots.  The  major  effort  of  the  project  was  concen¬ 
trated  on  the  early  shots  which  were  expected  to  yield  the  most  significant  Information  for  this 
project.  Some  supplementary  Information  of  interest,  however,  was  also  expected  from  the  later 
shots.  Therefore,  because  this  project  was  to  be  a  minimum  effort  using  limited  funds  and  per¬ 
sonnel,  arrangements  were  made  with  H&N  to  receive  the  damage  survey  normally  conducted  by 
its  field  organization.  In  addition,  It  was  planned  to  have  a  protect  representative  visit  the  test 
site  after  the  operation  to  obtain  additional  data  regarding  the  later  shots.  The  schedule  of  ob¬ 
servation  of  effects  from  the  various  shots  by  the  project  during  the  operation  and  by  the  proj¬ 
ect  representative  after  the  operatis...  .0  jliown  In  Table  2.1. 

The  general  layout  and  planned  shot  geometry  for  Operation  Hardtack  events.  Including  the 
code  name  of  the  shot,  site  (Island),  and  stations  Investigated,  are  shown  In  Figures  2.1  and  2.2 
for  Bikini  and  Enlwetok,  respectively. 

2.2  INSTRUMENTATION 

Eleven  self-recording,  air-overpressure  gages  and  six  self-recording  accelerometers  were 
located  as  shown  In  Table  2.2.  The  locations  were  selected  to  provide  the  most  useful  data, 
taking  into  account  shot  geometries  with  respect  to  structures,  and  the  available  Instrumentation. 
The  exact  location,  as  well  as  the  results  obtained  with  these  gages,  appear  In  Chapterii  3  and  4 
under  the  section  pertaining  to  the  structu.'e  In  which  or  near  which  the  gage  was  actually  located. 
The  gages  were  furnished,  calibrated,  and  read  by  personnel  from  the  Ballistics  Research  Lab¬ 
oratory  (BRL). 

The  self-recording  pressure  gage  consisted  of  a  precisely  gov(  ned,  battery-operated  motor 
that  rotated  a  sllvered-glass  olsk  placed  in  operation  by  a  fast-rising  light  pulse  or  thermal  ra¬ 
diation  from  the  detonation.  A  stylus  attached  to  a  compact  metal-bellows  element  traced  on  the 
rotating  disk  a  record  of  the  dilations  of  the  bellows  produced  by  the  pressure  of  the  blast  wave. 

In  this  way,  a  time -dependent  record  of  the  blast  pressure  was  Impressed  on  the  disk. 

The  self-recording  accelerometer  was  similar  tothe  self-recording  pressure  gage,  except 
that  the  sensing  element  was  a  cantilever  spring  with  a  mass  attached  at  the  free  end.  A  re¬ 
cording  stylus  was  uiuuuU-d  o.i  tMc  mass.  "rennd  element  was  mounted  at  a  right  angle  to 
the  other  so  that  the  two  styluses  recorded  acceleration  In  two  planes  on  a  single  glass  disk. 

For  a  more  detailed  description  of  these  two  types  of  self-recording  gages,  Including  methods 
of  Installation  and  calibration,  see  WT-1612. 

Dosiuieter  Film  Packets,  lype  SS9  (manufactured  uy  E.I.  du  Pont  de  Nemours  and  Co.)  ob¬ 
tained  from  and  processed  by  TU  7.1.6  were  placed  In  various  stations  to  determine  total  gamma 
radiation.  The  location  of  the  film  badges  and  the  values  obtained  appear  In  Chapters  3  and  4 
under  the  section  pertaining  to  the  appropriate  structure  In  which  the  badges  were  placed.  The 
film  used  had  two  ranges  of  sensitivity;  one  from  0  roentgens  (r)  to  10  r  and  the  other  from 
2  r  to  400  r. 

Photograpiis  were  taken  before  and  after  the  shots  at  each  station  so  that  a  visual  comparison 
of  damage  could  be  made. 


28 


SECRET 


2.3  DATA  REQUIREMENTS 

Air  overpressure  was  measured  to  correlate  damage  with  pressure.  The  curves  shown  'n 
Figures  2.3  and  2.4  were  used  for  predicting  values  of  air  overpressure  and  positive-phase 
duration,  respretively.  Both  curves  are  based  on  data  found  in  References  3  unci  4. 

The  geometry  and  position  of  Station  1312,  a  large,  reinforced-concrete  diagnostic  .station 
without  earth  cover  (constructed  for  Operation  Hardtack  on  Site  Janet),  offered  the  oppoi  tuiuiy 
to  obtain  loadin.e  Information  for  a  large  diffraction -type  target.  To  obtain  this  information, 
two  pressure  gages  were  placed  in  the  front  face,  two  on  the  roof,  and  one  on  the  back  face  of 


TABLE  a  t  SCHEDULE  OF  DATA  COLLECTION  DURING  AND 
AFTER  OPERATION  HARDTACK 


Shot 

Site 

Effects  Observed 
by  Project  During 
Operation 

Effects  Observed 
by  Project 
Representative 
Postoperation 

Bikini  Atoll 

Able 

Fi»* 

Ce'k’f 

Sycamore 

Aspen 

Poplar 

Charlie 

l-ir 

Cedar 

Sycamore 

Aspen 

Poplar 

Fox  and  George 

Maple 

Redwood 

Tare  and  Sugar 

Nutmeg 

Hickory 

Juniper 

Eniwetok  Atoll 

Gene.  Helen,  and 

Koa 

Dogwood 

Irene 

Yellowwood 

Olive 

Tobacco 

Walnut 

Elder 

Pine 

Janet 

Koa 

Dogwood 

Yellowwood 

Olive 

Tobacco 

Walnut 

Eider 

Pine 

Yvonne 

Cactus 

Linden 

Butternut 

Sequoia 

Holly 

Fig 

Magio.u 

Rose 

PibOtlia 

ihe  station.  The  results  of  this  work  are  presented  i  ’  Appendix  B. 

Acceleration  measurements  were  obtained  to  assist  in  relating  the  response  of  a  structural 
system  with  pressure  and,  also,  to  determine  whether  or  not  the  acceleration  was  of  such  mag¬ 
nitude  as  to  possibly  cause  physiological  damage  to  personnel.  Fbr  the  purpose  of  predicting 
accelerations,  a  curve  (Figure  2.5)  was  drawn  from  data  contained  in  References  5,  6,  and  7. 
The  reference  data  indicated  that  the  vertical  acceleration  of  the  floor  slab  approximated  the 
vortical  accele'.-  on  of  the  soil  mass  at  the  same  level.  If  it  is  assumed  that  the  total  weight 
of  a  burled  structure  is  approximately  the  same  as  the  weight  of  soil  dlsplace'i,  the  acceleration 
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of  the  floor  slab  (at  least  in  the  downward  direction)  should  approach  the  Iree-fleld  value. 

Radiation  measurements  were  obtained  to  evaluate  and  compare  actual  with  predicted  values. 
The  TM  23-200  (Reference  8)  was  used  as  the  guide  in  making  predicted  radiation  values,  as 
well  as  In  determining  the  attenuation  factors  for  the  various  structures.  A  discussion  of  the 
method  and  calculations  used  for  predicting  radiation  within  the  four  structures  that  were  radlo- 
loglcally  evaluated  Is  given  In  Appendix  A  to  this  report. 

Water-wave  predictions  and  wave-crest-helght  measuremeids  were  made  by  Project  50.1 
(Scripps  Institution  uf  Oceanography).  The  data  were  used  to  study  the  relationship  between 
wave  action  and  land  erosion.  The  results  of  this  work  are  presented  in  Appendix  D. 

TABLE  2.2  SUMMARY  OF  .SELF-RECORDING  INSTRUMENTATION 


Site 

Station 

Number  of  Gages 

Air  Overpressure 

Acceleration 

pal 

R 

Charlie 

78.01 

2 

2 

Tare 

2230.02 

2 

2 

Janet 

1312 

6 

2 

3.1.1 

1 

0 

Level  surveys  were  performed  to  determine  the  loss  of  earth  cover  over  se>eral  mounded 
structures  resulting  from  the  effects  of  water  waves  and  air  blast. 

The  recorded  damage  from  this  or.'" :  and  past  operations,  summarized  in  Chapter  1,  was 

correlated  with  various  curves  of  Reference  8.  This  project  also  utilized  basic  data  from  other 
Operation  Hardtack  projects  to  amplify  the  correlation. 

An  opportunity  was  afforded  to  compare  predicted  with  observed  response  of  relnforced- 
concrete  gage  piers  which  were  located  on  Site  Janet.  This  work  is  described  in  Appendix  C. 
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Chtpter  3 

RESULTS:  BIKINI  ATOLL 


For  ease  In  Interpretation  of  results  and  reference  to  various  figures,  the  test  results  are  pre¬ 
sented  In  order  according  to  atoll,  then  site  (Island),  and  then  station.  Where  applicable  to  a 
particular  station,  a  brief  history  relating  effects  from  past  operations  Is  also  Included. 

The  general  test  results  and  descriptions  of  the  stations  Investigated  on  Bikini  are  summa¬ 
rized  In  Table  3.1,  Throughout  this  report,  the  terms  severe,  moderate,  and  light  damage  are 
used;  for  clarification  the  following  definitions  (Reference  8)  are  given; 

Severe  Damage.  That  degree  of  structural  damage  which  precludes  further  use  of  a 
structure  for  the  purpose  for  which  it  Is  Intended  without  essentially  complete  reconstruction. 
Requires  extensive  repair  effort  before  usable  for  any  purpose. 

Mode  rate  Damage .  That  degrf'e  of  strucluiai  iamage  to  principal  load-carrying  mem¬ 
bers  (trusses,  columns,  beams,  and  load-carrying  welts)  that  precludes  effective  use  of  a 
structure  for  the  purpose  for  which  it  is  Intended  until  major  repairs  are  made. 

Light  Damage  .  That  degree  of  damage  which  results  In  broken  windows,  slight  damage 
to  roofing  and  siding,  blowing  down  of  light  interior  partitions,  and  slight  cracking  of  curtain 
walls  in  buildings. 

3.1  SITE  ABLE 

The  effects  of  Shots  Fir  (1.36  Mt),  .Sycamore  (93  kt).  Aspen  (319  kt).  Cedar  (220  kt),  and 
Poplar  (9.3  Mt)  were  observed  at  Site  Able.  The  shot  geometry  with  pressure  contours  and  test 
stations  for  this  site  is  sho-n  in  Figure  3.1.  The  air  blast  and  subsequent  water  wave  from 
Shot  Fir  swept  the  Island  free  of  all  vegetation.  The  extent  of  inundation  from  Shot  Sycamore  la 
shown  In  Figure  3.2.  The  effects  from  Shot  Poplar  which  exposed  the  island  to  air  blast  pres¬ 
sures  greater  than  1,000  psl  completely  destroyed  all  man-made  stations  . 

3.1.1  Item  1,  Station  1341,  Castle.  A  three-story,  relnforced-concrete,  photographic  bunker, 
constructed  during  Operation  Castle  (1954),  was  designed  lor  an  incident  air  overpressure  of  50 
psl  and  a  reflected  pressure  on  the  front  face  of  130  psl.  A  factor  of  safety  of  over  2  was  used 

In  the  design;  therefore  structural  failure  at  reflected  pressures  less  than  260  psl  would  not  be 
expected  (Reference  2). 

This  station  was  severely  damaged  and  left  In  a  weakened  condition  as  a  result  of  Shot  1 
(Bravo)  of  Operation  Castle,  which  subjected  It  to  about  ISO-psl  air  overpressure.  A  95-psl 
overpressure  from  the  Romeo  shot  (Operation  Castle)  caused  additional  damage,  destrcylng 
nearly  all  of  ihe  previously  ctimngeu  story  and  making  the  station  unsuitable  lor  occupancy. 
No  additional  damage  was  inflicted  during  Operation  Redwing  (1956). 

Figure  3.3  .shows  that  blast  effects  from  Shots  Fir,  Sycamore,  Aspen,  and  Cedar  Inflicted  no 
additional  damage.  However,  the  high  overpressure  level  of  35.-  psl  from  Shot  Poplar  sheared 
the  second  floor  from  the  structure,  as  shown  i.k  Figure  3.4. 

3.1.2  Item  2,  Station  560.01,  Redwing.  A  relnforced-concrete  shelter  was  constructed  and 
not  damaged  during  Operation  Redwing  (1956).  The  general  plan  and  elevation  lor  this  s  ructure, 
Including  film-badge  locations,  are  shown  in  Figure  3.5. 

This  ;>*'j.'.lon  was  located  in  an  estimated  30-,  6-,  12-,  10-,  and  1,200-psl  air-overpressure 
range  trom  Shots  Fir,  Sycamore,  Aspen,  Cedar,  and  Poplar, 

Pre-  and  post-Flr  photographs  (Figures  3.6  through  3.9)  show  the  effect  of  water  waves  and 
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Figure  3.2  Extent  ot  Inondetlon  on  Site  Able  niter  Shot  Sycamore, 
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air  blast  on  the  Immediate  area.  The  telephone  pole  adjacent  to  the  structure  was  broken  at  the 
roof  Uni  Although  the  door  of  this  structure  could  not  be  sealed  tightly  due  to  faulty  seating, 

It  Is  assumed  that  the  pressure  bulld-up  within  the  station  was  slight.  Three  one-hundred-watt 
light  bulbs  fa’-tened  to  the  celling  did  not  break,  Indicating  that  the  pressure  within  the  station 
watt  very  low.  Three  Inches  of  mud  covered  the  floor  and  high  water  mark  was  noted  1  foot  8 
Inches  above  the  floor.  The  sand  bags  were  strewn  about  the  entire  area,  the  top  of  the  be.-  m 
was  lowered  2  {eel,  and  the  earth  mound  in  front  of  the  station  was  reduced  7  feet  In  height. 
Indications  were  that  at  least  3  feet  of  water  had  been  confined  within  the  circular  berm  area. 
Pre-Fir,  post-Flr,  and  post-Sycamore  profiles  of  the  Island  between  Stations  S60.01  and  1519 
are  shown  In  Figure  3.10. 

Shots  Sycamore,  Aspen,  and  Cedar  had  no  noticeable  additional  effects  on  this  station  as 
would  be  expected  by  observing  the  small  overpressures  resulting  from  these  shots.  It  Is  also 


Figure  3.4  Post-Poplar,  (Sem  1)  Statlcn  1341.  Pressure  level:  Poplar,  350  psl, 

evident  from  Figure  3.10  that  Shot  Sycamore  caused  very  little.  If  any,  additional  erosion. 

The  structure  was  completely  destroyed  from  the  effects  of  Shot  Poplar.  Figure  3.11  shows 
there  was  hardly  a  trace  that  the  structure  once  existed  and  only  a  slight  trace  Indicating  the 
location  of  the  circular  earth  berm  that  once  surrounded  the  structure. 

Radiation  values  within  the  structuve  for  Suois  PIr,  Sycaiuurc,  and  Aspen  are  lw:.uu  in  Table 
3.2. 


3.1  3  Item  3,  Stations  152.01  and  153.01,  Redwlig.  Two  steel  beams,  onn  an  B-lnch,  67-lb/ft, 
wlde-flange  beam,  10  feet  8  Inches  long,  and  the  other  an  6-by-8-lnch,  56.9-lb/lt  angle,  0  feet 
8  Inches  long,  were  erected  as  test  drag-type  structures  and  were  undamaged  during  Operation 
Redwing  (1956). 

These  stations  received  an  estimated  air  pressure  of  30,  6,  12,  10,  and  1,200  psi  from  Shots 
Fir,  Sycamore,  Aspen,  Cedar,  and  Poplar,  respectively.  The  stations  were  undamaged  from 
the  first  fou:  '  .its  except  for  slight  erosion  of  the  soil  around  the  concrete  foundat..nnR,  (Figure 
3.12);  however,  the  force  from  Shot  Poplar  destroyed  the  steel  drag  members,  leaving  only  the 
conc.'ete  bases  (Figure  3.13). 
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Figure  3.S  Plan  aial  elevation  including  film  badge  locations  tu 
(Item  2)  Station  560.01,  Site  Able. 
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Figure  3.8  Preahot,  (Item  2)  Station  560.01,  Site  Able. 


Figure  3.7  Preabot,  (Item  Z)  Station  560.01  Including 
earth  berm,  Site  Able, 
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Figure  3.11  Post-PopUr,  (Item  2)  Station  560.01,  complete 
destruction  of  atation.  Station  1341  can  be  seen  in  background. 
Pressure  level:  Poplar,  1,200  psl. 


Figure  3.12  Post-Fir,  (Item  3)  Stations  152.01  and  153.01. 
Pressure  level;  Fir,  30  psi. 
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3,1.4  Item  4,  Station  1519,  Redwing.  A  reinforced-concrete,  photographic  station  approxi¬ 
mately  24  'eet  long,  9  feet  wide,  and  7  feet  high  and  weighing  50  tons  was  constructed  and  un¬ 
damaged  structurally  during  Operation  Redwing  (1950). 

This  station  was  located  In  an  estimated  37-psl  overpressure  range  from  Shot  Fir  and  was 
displaced  11  feet  horizontally  away  from  surface  zero,  A  post-Flr  view  Is  shown  In  Figure 
3.14.  The  pressures  of  6.8,  14,  and  11  pel  from  Shots  Sycamore,  Aspen,  and  Cedar,  respec¬ 
tively,  caused  no  further  damage  or  movement.  The  very-high  overpressure  of  1,700  psl  from 
Shot  Poplar  completely  destroyed  this  station. 

3.?  SITE  CHARUE 

The  effects  of  Shots  Fir  (1.36  Mt),  Sycamore  (93  kt).  Aspen  (319  kt).  Cedar  (220  kt),  and 
Poplar  (9.3  Mt)  were  observed  at  this  site.  The  shot  geometry,  with  pressure  contours  and  test 
stations.  Is  shown  In  Figure  3.15. 

The  air  blast  and  water  wave  from  Shot  Fir  swept  nearly  all  vegetation  from  the  Island.  In¬ 
undation  caused  from  Shot  Fir  extended  past  Station  78,01  as  can  be  seen  In  Figure  3.16.  A  light 
steel  tower,  shown  m  Figure  3.17,  was  located  In  the  25-psl  air-overpressure  range  of  Shot  Fir 
and  was  completely  destroyed,  leaving  no  trace  of  the  structure. 

3.2  1  Items,  Station  78.01,  1319  Redwing.  A  rp>ntornc-d-?onrret<?  timing  station,  constructed 
and  undamaged  du.'l.ig  Operation  Redwing  (1956)  was  modified  for  use  in  Operation  Hardtack  (1958) 
by  adding  a  new  entranceway  and  mounding  earth  over  the  old  entrance  and  retaining  wall. 

This  station  was  located  In  an  e8tl.'.-.ivu  35-,  6.7-,  14-,  11-,  and  50-psl  air-overpressure 
range  for  Shots  Fir,  Sycamore,  Aspen,  Cedar,  and  Poplar,  respectively.  However,  the  struc¬ 
ture  apparently  received  no  structural  damage  from  any  of  the  shots.  The  general  plan  Including 
locations  for  accelerometers  and  film  badges  Is  shown  In  Figure  3.18  while  the  data  obtained 
from  the  radiation  measuremenut  are  shown  In  Tr.ble  3.3.  The  data  obtained  from  the  air- 
overpressure  gages  shown  In  Figure  3.15  are  presented  In  Table  3,4.  No  records  were  obtained 
from  the  self-recording  accelerometers  located  In  this  structure. 

The  structure.  Including  the  earth  mound  over  the  structure  and  light  steel  structural  mem¬ 
bers  used  for  guiding  a  gulUotlne-type  gate  over  the  entrance,  Is  shown  In  Figure  3.19  prior  to 
Shot  Fir,  In  Figure  3.20  alter  Shot  Fir,  and  In  Figure  3.21  after  Shot  Poplar.  For  Shot  Fir  It 
appeared  that  the  water-wave  run-up  on  the  side  of  the  mound  facing  surface  zero  was  5  to  6 
feet  vertically  (see  Figure  3.20)  and  that  the  passing  wave  reached  a  height  of  1  to  2  feel  m  uu- 
scrved  by  the  water  marks  on  the  earth  mound.  A  heavy.  Interior  steel  door  was  knocked  off 
Its  pin  and  socket  hinge  from  the  shock  effects  of  Shot  Poplar. 

3.2.2  Item  6,  Station  1200,  Castle.  A  reinforced-concrete,  earth-mounded  structure  was 
constructed  during  Operation  Castle  {1954).  The  structure,  situated  In  the  130-p8l  air- 
overpressure  range,  was  damaged  from  Shot  1  (Bravo)  of  Castle;  portions  of  tue  parapet  and 
retaining  walls  at  the  rear  of  the  structure  were  torn  off  by  the  blast.  No  additional  damage 
was  received  during  Operation  Redwing  (1956).  The  earth  cover  around  this  station  was  removed 
after  Operation  Redwing. 

This  station  was  located  In  the  20-p^l  alr-cvei-prcaoure  range  for  Shot  Fir  and  received 
slight  additional  damage.  A  retaining  wall  previously  damaged  was  forced  over,  leaving  only 
the  relnfor-ing  steel  holding  the  cracked  portion  to  the  main  section  (Flf  jres  3.22  and  3.23). 

No  additional  demsge  as  the  result  of  Shots  Sycamorp  and  Aspen  was  ooeerved.  The  station 
appeared  Intact  as  observed  by  distant  observation  after  Shots  Cedar  and  Poplar  which  caused 
pressures  of  7  and  32  psl,  respectively. 

3.3  SITES  FOX  ANO  GEORGE 

These  sites  wer'-  exposed  to  Shots  Maple  (230  kt)  and  Redwood  (412  kt);  however,  the  destruc¬ 
tiveness  of  Shot  .'.'laple  was  such  that  no  significant  additional  damage  was  Inflicted  by  Shot  Red¬ 
wood.  Site  Fox  'vas  completely  Inundated  by  the  water  wave  generated  from  Shot  Maple  while 
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Flf.'.T«  3.13  Post-PopUr,  (TK»jn  3)  Stations  152.01  and 
1S3.01.  Pressure  level;  Poplar,  1,200  psi. 


Figure  3.14  Post-Fir,  (Item  4)  Station  1519.  Pressure 
level;  Fir,  37  psl. 
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Figure  3.15  Shot  g;  ometry  with  pressure  contours  for  Site  Charlie. 


Figure  3. 1C  vir.  Site  Charlie,  extent  of  inundation. 
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Figure  3. IS  Plan  Including  accelerometer  and  Him  badge  locations 
for  (Item  S)  Station  78.01,  Site  Charlie,  Redwing  Station  1310. 


Site  George  was  partially  washed  over.  The  shot  geometry  with  pressure  contours  and  test 
stations  for  the  two  sites  are  shown  in  Figure  3.24. 

3.3.1  Items  7,  8,  and  9,  Stations  2410.01,  -.02,  and  -.03.  Thrve  Identical  timber  shelters 
mounded  over  with  earth  were  const during  Operation  Hardtack  (1958).  A  typical  preshot 


■■'vV 


Figure  3.18  Preshot.  (Rem  5)  St::tlon  78.01,  Site  Ch!i<*li«. 


view  is  shown  in  Figure  3.25  and  typical  post-Maple  view  (pressure  level,  85  psi)  in  Figure  3.26. 
All  three  structures  were  completely  destroyed  and  the  earth  mounds  over  the  structures  were 
washed  away  by  the  blast  and  water-wave  forces  of  Shot  M^ple. 

3.3.2  Item  '’’j.  Stations  50.01,  -.02,  -.03,  -.04,  -.05,  and  -.06.  Six  water-wave  gages  were 
constructed  and  located  as  shown  in  Figure  3.24.  Tiie  structural  details  of  a  typical  gage  are 
sho'/n  In  Figure  3.27. 
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TABLE  3.?.  BErORDED  HADIATION  WITHIN  STATION  5R0.01  (ITEM  Z) 
8«e  Figure  3.5  tor  a  detailed  LocKtIon  ot  film  badge*. _ 


Plan  of  Film-Badge  Liocatlona 


SZ 


•  Film  badge  located  3  feet  above  floor 
**  Film  badge  located  on  celling 

Rartlatlon,  r,  at  Film-Badge  Locatloim 


Shot  A  BCD  E  _ F 


a* 

bt 

a* 

bt 

a* 

a* 

bt 

a* 

bt 

a* 

bt 

Fir 

4.1 

5.0 

_ 

3.0 

3.0 

3.0 

_ 

G.O 

Sycamore 

0.60 

— 

0.10 

— 

0.15 

— 

0.09 

— 

0.09 

— 

0.15 

— 

Aspen 

20.0 

zz.o 

4.8 

4.8 

3.4 

— 

2.3 

— 

3.2 

— 

£.2 

4.4 

*  Plane  of  badge  on  surface  of  wall  or  celling, 
t  Plane  of  badge  normal  to  both  wall  and  celling, 
t  Plane  of  badge  normal  to  celling  and  parallel  to  short  wall, 
t  Plane  of  badge  normal  to  celling  and  parallel  to  long  wall. 


I 


F'^ure  3.23  Post-Fir,  (Item  6)  Station  12(X).  Pressure 
Uivei:  Fir,  20  psi. 
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All  thi*  wave  etatlona  survived  the  effects  from  air  blast  and  water  waves  generated  from 
Shot  Maple;  however,  Station  50.04,  which  weighed  about  10  tons,  was  thrown  approximately 
300  feet.  The  tooting  of  Station  SO.Ol  was  cracked  vertically.  A  preshot  view  of  Stations  50.01, 
-.02,  and  -.03  Is  shown  In  Plg-ure  3.28  and  a  post-Maple  view  In  Figure  '‘.29(a).  A  largo  con¬ 
crete  block  weighing  approximately  IS  tons  (shown  In  the  foreground  of  Figure  3.28)  was  thrown 


Figure  3.2S  Preshot,  (Uem  8)  Station  2410.02,  Site  Fox. 


approximately  ISO  feet  by  the  force  from  the  water  wave  generated  by  the  shot.  The  final  posi¬ 
tion  can  be  seen  In  Figure  3.29(a).  However,  no  structural  damage  'vas  observed  tor  this  block 
which  was  located  in  the  340-psl  range  from  Shot  Maple. 

These  stations  were  subjected  to  thermal  radiation  with  values  ranging  from  400  cal/cm*  to 
1,200  cal/cm*  lor  Shot  Maple  without  noticeable  ellects.  Shot  Redwood  then  subjected  the  stations 
to  higher  values  of  thermal  radiation  ranging  from  800  cal/cm*  to  2,000  cal/cm*. 


Figure  3.26  Post-Maple,  (Item  8)  Station  2410.02.  Preosure 
level;  Maple,  85  psl. 


As  a  result  of  Shot  Redwood,  the  two  closest  stations,  50.01  and  50.02,  were  destroyed.  Sta¬ 
tion  50.03  was  n'.oderately  damaged;  the  leeward  pipe  of  the  gage  tower  buckled  laterally,  leaving 
the  whole  tow''"  '-lltlng  away  from  surface  zero.  Station  50.04,  which  had  Its  base  completely 
exposed  (1.  e..  was  not  burled)  was  washed  to  the  far  side  of  the  Island.  Stations  50.05  and  50.06 
renalned  undamaged. 
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station  50.03  which  survived  both  shots  Is  shown  In  Figures  3.29(b)  post-Maple  and  3.29(c) 
post-Iled' 'Vod. 

3.3.3  Item  rl,  SUtlon  1810,  1830  Redwing.  A  relnlor 'ed-ccncrete  shelter  was  rehablllUted 
lor  use  In  Operation  Hardtack  and  a  large  plywood  room  added  to  the  station  between  the  e.xlstlng 
structure  (Redwing  1830)  and  Station  1030  (Redwing  1528). 

A  pre-  and  post-Maple  view  of  the  structure  is  shown  In  Figures  3.30  and  3.31.  The  blast 


Figure  3.28  Preshot,  Ucem  10)  SUtions  50  01,  ..02,  a.id  -.03, 
Site  Fox. 


effects  (14  pal)  destroyed  the  plywood  room  but  caused  no  structural  damage  to  the  existing 
relnforced-concrete  structures. 

No  additional  damage  was  sustained  as  a  result  of  Shot  Redwood. 

3.4  SITES  SUGAR  AND  TARE 

The  effects  of  Shot  Nutmeg  (24  kt).  Hickory  (13.4  kt),  and  Juniper  (63.8  kt)  are  reported 


Figure  3.28(a)  Post-Maple,  (Ucm  10)  Statlores  50.01,  -.02,  -.03. 

Pressure  levels:  Maple,  350  psl,  260  psl,  and  190  psl,  respectively. 


herein.  The  shot  geometry,  with  pressure  contours  and  test  stations  for  these  sites.  Is  shown 
In  Figure  3.32.  A  post-Nutmeg  picture.  Figure  3.33,  taken  from  above  surface  zero  shows  most 
of  the  test  stations.  A  comparison  of  Figures  3.34  and  3.35  shows  the  damage  to  the  timber  bulk¬ 
head  and  sandbags  ’ocated  at  the  end  of  Tare  before  and  after  Shot  Nutmeg.  Severe  shock  from 
the  first  shot  cr.:i:iwed  the  recording  disks  for  both  air-overpressure  gages,  the  locations  of 
which  are  shown  In  Figure  3.32.  However,  the  records  were  pieced  together  and  the  recorded 
result-'  ’.jr  Stations  174.33A  and  B  were  265  psl  (estimated  peak)  and  310  psl,  respectively,  while 
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the  predicted  preaiures  for  these  two  locations  wet's  330  pal  and  310  pal,  respectively. 

Shot  Hickory  had  no  appreciable  effect  on  the  Island  or  any  of  the  structures  on  the  Island. 

The  east  end  of  Site  Tare  was  severely  washed  by  the  effects  of  Shot  Juniper  as  can  be  ob¬ 
served  In  Figure  3.36  showing  that  Hems  14,  IS,  and  16  are  now  located  In  water,  while  Iteru 
17  Is  now  located  on  the  high  tide  line.  No  structural  damage  was  Imparted  to  any  of  the  struc¬ 
tures. 


Figure  3.20(b)  Post-Maple,  (Item  10)  Station  50.03. 
Pressure  level:  Maple,  lUO  pal;  800  cal/cm*. 


3.4.1  Iteni  12,  Stations  2200  and  2250.  Station  2200,  a  relnforced-concrete,  photographic 
bunker  was  originally  construct.^  and  remained  undamaged  during  Operation  Castle  (1954).  The 
station  was  rehabilitated  with  additions  for  Operation  Redwing  (1956)  and  received  damage  only 
to  several  adjoining  retalnl''g  walls.  For  Operation  Hardtack  (1958),  the  station  was  again  re- 


Figure  3.29(c)  Post-Redwood,  (Rem  10)  Station  50.03. 
Pressure  level:  Redwood,  360  pal,  1,400  cav'cm*. 


habilitated  with  more  additions.  A  ISO-foot  diagnostic  tower  designated  as  Station  2250  was 
erected  atop  Station  2200. 

The  stations  were  located  In  the  8.2-p8l  range  from  Shot  Hickory  and  minor  damage  was  re¬ 
ceived  by  the  elevator  cab  of  the  tower.  No  damage  was  incurred  from  the  other  shots.  A  gen¬ 
eral  postshot  picture  Is  shown  in  Figure  3.37. 


55 

SECRET 


0(0(0 
to  <N 

«0  ^ 


CO  m  ^  04 
.  «0  lO 

^  lA  Ol  00 


c 

o 

^  ^  CO  (O 

♦J  04  M  C4 
•■  QO^  00  CO^ 
^  lA  ll>  lA 


M 

SECRET 


3,4.2  Item  13,  Station  2210.  A  relnlorced-concrete,  Mnd-mounded  connector  pit  with  the 
Ircnt  well  sloping  at  l'/|  to  1  on  the  aide  facing  the  cero  station  was  constructed  during  Operation 
Harctv:!:  (1958).  The  walls  (except  the  sloping  front  wall)  were  about  the  same  size  and  config¬ 
uration  as  those  of  the  structure  shown  In  Figure  3.41. 

This  structure  was  located  In  the  estimated  170-,  90-,  and  430-pst  air -overpressure  region 


Figure  3.30  Presfaot,  (Hem  11)  Station  1810,  Site  George. 


lor  Shots  Nutmeg,  Hickory,  and  Juniper,  respectively,  and  was  not  damaged  structurally  by  any 
of  the  shots.  A  view  of  this  aUacture  prior  to  being  mounded  with  sand  Is  shown  In  Figure  3.38. 
Sand  was  placed  level  with  the  roof  the  structure. 

3,4.3  Item  14,  Station  2270.  A  small,  relnlorced-concrete  connector  pit  mounded  over  with 


Figure  3.31  Foat-liaple,  (Hem  11)  Station  1810.  Freesure 
level:  Maple,  14  psl. 


saiid  was  constructed  during  Operwtton  Hardtacit.  (:"58).  A  preshot  vUw  m  this  station  prior  to 
being  covered  with  sand  Is  shown  In  Figure  3.30. 

This  station  was  located  In  the  estimated  490-,  260-,  and  1,400-pst  overpressure  range  tor 
Shots  Nutmeg,  Hickory,  and  Juniper,  respectively.  Even  though  the  station  was  exposed  to 
extremely  high  overpressures  It  was  not  damaged  structurally.  A  post-Junlper  view  of  this 
structure  Is  nhown  In  Figure  3.30. 


57 

SECRET 


59 

SECRET 


lew 


Fignrr  3.38  Fresbot,  (ItesiB  14,  15,  and  16)  Stations  2270,  22.^0.01, 
an'-  L..30.02,  Site  Tare,  prior  to  being  covered  with  sand. 
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Figure  3.41  Plan  and  elevation  including  the  location  of  self-recording 
ucceleronieters  for  (Item  13)  Station  2230.02,  Site  Tare. 
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3.4.4  Pem  15,  Station  2230.01.  A  relnlorced-concrete  detector  structure  was  constructed 
during  Operation  Hardtack  (1988).  For  practical  purposes  the  pians  tor  this  station  were  the 
same  as  those  shown  in  Figure  3.41  tor  Station  2230.02  except  that  the  waits  were  6  inches  great¬ 
er  in  thickness. 

This  station  was  located  in  the  estimated  3S0-,  200-,  and  l,0S0-psi  air-overpressure  ran;;) 
tor  Shots  Nutmeg,  Hickory,  and  Juniper,  respectively,  and  was  undamaged.  However,  the 
structure  settled  5  inches  and  moved -l.S  inches  toward  surtace  zero  atter  Shot  Nutmeg.  Com¬ 
parable  measurements  atter  the  other  two  shots  are  not  available.  For  a  general  preshot  view 
ot  this  structure  prior  to  being  mounded  with  sand,  see  Figure  3.39.  A  post-Nutmeg  view,  in¬ 
cluding  the  removed  closure  plugs,  is  shown  in  Figure  3.40. 

3.4.5  Item  16,  Station  2230,02.  A  reintorced-concrete  detector  structure  was  constructed 
during  Operation  Hardtack  (l9S8).  The  plan  and  section  tor  this  structure.  Including  the  location 


Figure  3,42  Post-Nutmeg,  (Item  16)  Station  2230.02,  close-up 
ot  damaged  42-inch  corrupted  metal  pipe.  Pressure  level; 
Nutmeg,  320  psi. 


ot  selt-recordlng  accelerometers,  are  shown  in  Figure  3.41. 

This  station  was  lornted  in  ihn  estimated  S20-.  180-,  and  1,000-psl  air-overpressure  ranee 
trom  Shots  Nutmeg,  Hickory,  and  Juniper,  respectively,  and  was  undamaged.  Howevei-,  sea 
water  that  leaked  past  the  closure  plugs  into  the  structure  as  a  result  at  the  water  wave  trom 
Shot  Nutmeg  corroded  the  recording  disks  ot  the  accelerometers,  thus  causing  a  loss  ot  the  data. 
A  "jneral,  preshoi  view  ot  the  structure  and  the  attaciiCvi  12-lnch,  round,  coirvi^ated-metal  pipe, 
prior  to  being  mounded  with  sand,  is  shown  in  Figure  3.30.  Damage  to  the  pipe  atter  Shot  Nutmeg 
is  shown  in  Figures  3.40  and  3,42. 

3.4.6  Item  17,  Station  630.01.  A  reintorced-concrete  instrumentation  pit  was  constructed 
during  Operation  H(>(dtack  (1958). 

The  station  v  aa  situated  in  the  estimated  210-,  120-,  and  560-psl  air-overpressure  range 
trom  Shots  Nutmeg,  Hickory,  and  Juniper,  respectively,  and  suttered  no  apparent  damage. 
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Chapter  4 

RESULTS:  ENtWETOK  ATOLL 

This  chapter  pertains  to  the  results  obtained  at  the  Enlwetok  Atoll;  however,  the  Introductory 
remarks  of  Chapter  3  are  applicable  here  as  well. 

The  general  test  results  and  description  of  the  stations  Investigated  at  Enlwetok,  Including 
estimated  peak  overpressure,  duration,  free-fleld  gamma  radiation,  and  floor-slab  acceleration 
where  applicable,  are  summarised  In  Table  4.1. 

4.1  SITES  GENE,  HELEN,  AND  IRENE 

The  effects  of  Shota  Koa  (1.38  Mt),  Yellow»o~l  (S40  kt),  Tobacco  (11.7  ktl.  Walnut  (1,45  Mt), 
Elder  (840  kt).  Dogwood  (387  kt),  Olive  (202  kt),  and  Pine  (2.1  Mt),  are  reported  at  these  sites. 
The  shot  geometry,  with  pressure  contours  and  test  stations.  Is  shown  In  Figure  4.1.  The  de¬ 
tailed  Information  concerning  u.v  ..llocts  on  the  various  stations  from  each  shot  Is  presented  In 
Table  4.1. 

Small  craters  ranging  from  30  to  60  feet  In  diameter  and  6  to  10  feet  deep  dotted  site  Irene 
and  were  generally  located  near  the  long  pipeline  extending  from  Station  1410  to  ground  sero. 

It  Is  believed  that  these  craters  were  of  the  Impact  type  (as  Indicated  by  wide,  flat  bottoms)  and 
formed  by  missiles  (possibly  concrete  blocks  used  for  the  pipeline  foundation  or  pieces  of  coral) 
resulting  from  Shot  Kba.  A  typical  crater  of  this  type  Is  shown  In  Figure  4.2;  the  concrete  block 
In  the  picture  was  one  of  the  foundation  blocks  lor  the  pipeline. 

4.1.1  Item  18,  Station  Complex.  A  relnforced-concrete  recording  station  was  constructed 
during  (^ration  Redwing  (l8S6)  and  received  no  major  damage  during  tht^t  operation.  This 
station  was  rehabilitated  for  use  In  Operation  Hardtack  (1858),  and  various  parts  ut  ti  uestguat.ini 
as  Stations  73.01,  1314,  1524,  and  1811.  The  general  plan  for  the  station  complex  and  other  ad¬ 
joining  stations  Is  shown  In  Figure  4.3. 

The  highest  overpressure  received  by  the  complex  was  an  estimated  42  psl  from  Shot  Koa. 

The  Interior  of  the  station  was  .lOt  danaagud  by  any  of  the  shots.  The  relnforced-concrctc  wing 
wall  located  at  the  entranceway  (Figure  4.4)  was  slightly  cracked  prior  to  any  of  the  shots.  The 
wing  wall  was  not  keyed  to  the  structure  nor  was  reinforcing  sleel  used  to  tie  the  two  together. 

The  wall  was  slde-on  to  the  blast  wave  from  Koa  (40-psl  range)  but  received  no  additional  damage. 
The  same  wall  was  face-on  to  the  blast  from  Yellowwood  (11.5-psl  range)  and  was  cracked  loose 
from  the  main  structure.  The  vertical  crack  was  approximately  */<  inch  wide  and  extended  the 
entire  height  of  the  wail  (Figaro  s.S).  Thu  wall  failed  from  the  I’ace-on  blast  ettects  of  Wnlnut 
(28-psl  range)  and  cracked  loose  at  the  intersection  of  the  ground  surface  behind  the  wall  (Figure 
4.8).  The  remaining  shots  had  no  additional  effects. 

The  results  obtained  from  the  film  badges  I'cotpd  as  shown  In  Fiy'vre  1.3  are  shown  In  Table 
4.2. 

4.1.2  Item  18,  Station  1525.  A  relnforced-concrete  diagnostic  station  was  constructed  during 
Operation  Ha'.'dtack  (1858).  The  general  location  of  this  station  Is  shown  In  Figure  4.3  and  the 
detailed  plan  and  elevations  are  shown  In  Figure  4.7. 

This  ci:/'.,in  received  the  highest  estimated  overpressure  of  42  psl  from  Shot  Koa.  The  le- 
talnlng  wall  Integral  with  the  front  wall  of  the  structure  was  severely  ds.maged  by  face-on  air 
Mast  from  Shot  Koa  but  received  no  additional  damage  from  Shots  Yellowwood  or  Tobacco.  How¬ 
ever,  one  end  of  the  wall  was  destroyed  by  Shot  Walnut.  A  preshot  view  of  the  front  wall  with 
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Figure  4.1  Shci  geometry  with  pressure  •■ontours  and  staUon  locations  for  Sites  Gene,  Helen,  and  Irene. 


TABLE  4.2  RECORDED  RADIATION  WITHIN  STATION  COMPLEX  (ITEM  18) 

See  Figure  4.3  I'or  deuiled  location  ol  flln'  ha.:7e£.  All  Iwilges  are  located  3  feet  above  flour 
level  with  the  plane  of  the  badge  on  the  surface  of  the  wail  except  aa  noted. 

Plan  of  Film-Badge  laicatinns 


Shot 

Radiation,  r, 

at  Film 

-Badge  Locations 

A 

A,* 

a 

c 

D 

E 

F 

G 

H 

It 

Koa 

90.0 

46.0 

4.80 

1.02 

0.52 

0.17 

0.12 

0.11 

_ 

YelUiM-wood 

•14.0 

— 

220.0 

8.00 

0..'^0 

0.10 

0 

0 

0 

— 

Walnut 

800.0 

— 

950.0 

130.0 

7.85 

1.80 

MiTIfkM 

— 

— 

— 

Elder 

700.0 

700.0 

44.0 

10.2 

1.8U 

— 

— 

— 

*  Plane  of  badge  normal  ..>..'.1.  ..all  and  celling, 
t  Plane  of  badge  on  back  aide  of  I-beam  stiffener  of  blast  door. 


Figure  4.2  Poat-Koa,  typic  al  Impact  crater,  4,ft(>0  feet  from 
ground  zero. 
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Figure  4.4  Freshot,  (ttem  18)  station  complex,  close-up  of 
entrance  and  crack  in  wing  wall,  Site  Irene. 
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Figure  4.5  Post-Yellowwood,  (Item  18)  station  complex,  close-up 
}{  entrance  and  cracked  wing  wall.  Pressure  levels:  Koa,  42  psl; 
ITellowwood,  11.5  psl;  and  Tobacco,  1.9  psl. 


Figure  4.0  Post-Walnut,  (Item  18)  station  complex,  close-up  of 
wing  wall  failure.  Pressure  level;  Walnut,  28  psl. 
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its  painted  surface  is  shown  in  Figure  4.8.  The  retaining  wall  cracked  around  the  outline  of  the 
side  walls  and  celling  of  the  structure  as  shown  in  Figure  4.9.  The  diagonal  cracks  indicate  (he 
bending  failure  of  the  wall.  A  side  view  is  shown  in  Figure  4.10.  The  damage  from  Shot  Walnut 
is  shown  in  Figure  4.11.  No  significant  damage  was  observed  from  the  remaining  shots. 

Thermal  radiation  burned  the  paint  oft  the  structure,  as  can  be  observed  by  comparing  Figures 


Figure  4.8  Preshot,  (Item  19)  Station  1525,  Site  Irene, 


4.8  and  4.9;  the  total  thermal  radiation  was  approximately  350  cal/cm‘. 

4.1.3  Item  20,  Station  1311.  A  reinforced-concrete  detector  station  was  constructed  during 
Operation  Hardtack  (1958).  The  general  location  of  this  station  is  shown  in  Figure  4.3  and  the 
detailed  plan  and  elevations  are  shown  in  Figure  4.12. 


Figure  4.9  Post-Koa,  (Item  19)  Station  1525,  fuce-on  view. 
Pressure  level:  Koa,  42  psi;  350  cal/cm'. 


The  highest  overpressure  received  at  this  station  was  an  estimated  42  psi  from  Shot  Koa. 

The  station  was  structurally  damaged  mainly  from  the  effeccs  of  Shots  Koa  and  Walnut.  A  pre¬ 
shot  view  of  the  retaining  wall  for  this  station  is  shown  in  Figure  4  13,  a  post-Koa  view  is  shown 
in  Figure  4.14,  and  a  post-Walnut  view  is  shown  in  Figure  4.15. 

The  t'.urmal  radiation  (and  sand  blast)  had  seme  surface  effects  on  tne  reUinlr.g  wall;  the 
thermal  radiation  was  approximately  350  cal/cm‘. 
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The  entrance  to  this  station  was  nearly  filled  with  sand  as  the  result  of  Shot  Koa,  as  shown  by 
comparing  Figures  4.16  and  4.17. 

The  plain-concrete  floor  of  this  station  was  badly  cracked  and  the  five  24-lnch  pipes  entering 
this  station  were  forced  Inward  about  2^/4  Inches  (Figure  4.18).  The  crack  pattern  (shown  In 
Figure  4.19)  Indicates  that  the  existing  foundation  underneath  part  of  the  floor  gave  additional 
support  to  that  portion. 


w 


a-?* 


_ ..  ^  V-.-*  -Tj 'I  -  . 

Figure  4.10  Post-Ku.,  (Hctn  19)  Station  1525,  slde-on  view. 

Pressure  level:  Koa,  42  psL. 

4.1.4  Item  21,  Stations  1211  and  1410.  A  relnforced-concrete  structure  situated  at  the 


w 


Figure  4.11  Post-Walnut,  (Item  19)  Station  1525,  retaining 
wall  failure.  Pressure  level:  Walnut,  27  psl. 

side  of  the  structure  facing  surface  zero  for  Shot  Walnut  was  blown  and  washed  away,  exposing 
the  concrete  wall  surface  (Figures  4.20  and  4.21). 

A  preshot  view  .’1’  the  5,200-foot-long  pipeline  leading  from  this  station  to  ground  zero  Is 
shown  In  Figure  -  .22.  A  postshot  view  Is  shown  In  Figure  4.23.  Only  about  800  feet  of  pipe 
farthest  from  ground  zero  remained  In  the  area  and  connected  In  one  piece  after  Shot  Koa.  This 
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Figure  4.13  Preshot,  (Item  20)  Station  1311,  face-on 
view  of  retaining  wall.  Site  Irene. 


I  wT 


Figure  4.14  Post-Koa,  (Item  20)  Station  1311,  face-on 
view  of  retaining  wall.  Pressure  level:  Koa,  42  psl; 
350  cal/cm^. 
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Figure  4.16  Poat-Koa,  (Item  20)  SUtlon  1311,  crack  pattern 
In  floor.  Pr-aaure  level:  Koa,  42  pal. 


.t  ' 


Figure  4.20  Preahot,  (ttem  21)  SUtlons  1211  and  1410,  view 
of  side  wall  facing  surface  zero.  Site  Irene. 
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Figure  4.22  Preshot,  pipeline  to  ground  zero,  Site  Irene. 


Figure  4.23  Post-Koa,  pipeline  to  ground  zero.  Pressure 
level  at  near  end:  Koa,  45  psl. 
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portion  was  thrown  from  the  concrete  supports  and  was  bent  Into  a  semicircular  pattern  with  an 
appr  ixlmate  radius  of  200  feet.  The  line  of  concrete  supports  Is  shown  In  the  left  portion  of 
Figure  4.23.  Most  of  the  missing  portions  of  the  pipe  were  thrown  Into  the  area  to  the  right  in 
Figure  4  23. 

4.1.5  Item  22,  Station  3.4,  Castle.  A  relnforced-concrete,  signal  terminal  pit  with  a  gravel 
floor  was  constructed  and  undamaged  during  Operation  Castle  (1054);  neither  was  it  damaged 
during  Operation  Redwing  (1956), 

The  highest  estimated  pressure  received  by  this  station  was  an  estimated  34  psi  from  Shot 
Koa.  The  station  was  not  damaged  structurally  from  any  of  the  shots.  However,  the  hatch  cover 
was  not  bolted  down  and  the  force  from  Shot  Koa  moved  It  horizontally  %  Inch  away  from  ground 
zero. 

The  plan  for  this  station,  including  the  locations  of  film  badges,  is  shown  In  Flgu-e  4.24.  The 
TABLE  4.3  RECORDED  RADIATION  WITHIN  STATION  3.4  (ITEM  22) 

See  Figure  4.24  for  detailed  location  of  film  badges.  All  badges  are  positioned  with  the  plane  of  the  badge 
on  the  wall  surface. 


rilm*Badgo  Locations 


Shot 

Radiation,  r,  at 

Fllm-Badge  Locations 

A 

B 

c 

D 

E 

Koa 

6.44 

6.79 

8.59 

Yellowwood 

6.2S 

1.77 

0.68 

0.67 

0.65 

Walnut 

375.0 

104.0 

21.2 

18. U 

20.0 

Elder 

460.0 

— 

35.0 

28.0 

21.0 

results  of  the  film-badge  readings  are  shown  In  Table  4.3.  The  water-wave  action  from  Shot 
Walnut  eroded  the  earth  cover  away  from  this  structure,  as  shown  In  Figures  4.25  and  4.26  Toe 
dark  area  on  the  conoreLS  walls  represents  the  contact  area  of  the  preshot  earth  cover. 

4.1.6  Item  23,  GeiTerstors.  Four  75-kva,  dlesel-drlven  generators  (each  120  Inches  long, 

37  Inches  wide,  78  Inches  high,  and  each  weighing  6,700  pounds),  ocated  behind  the  station  com¬ 
plex;  were  left  In  operation  during  Shot  Koa. 

The  generators  were  located  in  the  estimated  38-pal  air -overpressure  range  lor  Shot  Koa  and 
were  severely  damaged.  A  preshot  view  of  the  generators  Is  shown  In  Figure  4.27  along  with 
standard,  Navy,  steel  pontoon  sections  used  as  fuel  tanks. 

The  earth  mound  approximately  IS  feet  above  the  ground  surface  lor  the  station  complex 
shielded  the  i^enerators  from  the  air  blast  to  varying  degrees.  The  generators  were  located 
approxip  ^'..ly  40  feet  from  the  Intersection  of  the  mound  with  the  ground  surface.  The  geuera- 
tor  near  the  edge  of  the  mound  (least  protected  from  air  blast)  was  tlirown  60  feet  while  the  gen- 
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erator  nerrer  the  center  of  the  moun^  .'f'tccted)  was  moved  2  feet.  The  other  two  gener¬ 

ators  were  thrown  distances  of  20  and  40  feet.  A  postshot  view  of  the  four  generators  la  shown 
In  Figure  4.28  and  a  cloee-up  of  one  of  the  generators  is  shown  in  Figure  4.29.  No  additional 
damage  to  or  movement  of  the  generators  occurred  as  the  result  of  Shots  Yellowwood  (11. S  psl) 
or  Tobacco  (1.8  psl).  The  Na.  >  pontoon  sections  were  not  damaged  from  any  of  the  shots;  how¬ 
ever,  the  air  blasts  from  Shots  Koa  and  Yellowwood  moved  the  sections  approximately  t'lO  feet. 
Both  the  generators  and  pontoon  sections  underwent  additional  m'lvement  during  Shot  Walnut 
(28  psl).  Movement  from  the  remaining  shots  was  not  observed. 

4.1.7  Item  24,  Helicopter  Pad.  A  helicopter  pad  approximately  100  by  100  feet,  constructed 
of  standard,  Interlocking,  steel  landing  mat,  was  located  near  the  station  complex. 

This  station  was  subjected  to  an  estimated  air  blast  of  38  psl  from  Shot  Koa,  and  was  severely 
damaged.  Individual  pieces  of  landing  mat  were  bent,  broken,  and  scattered  over  a  wide  area. 
Both  the  negative  and  positive  phase  of  the  air  blast  scattered  the  mat.  Pieces  were  found  400 
feet  from  the  original  location  away  from  ground  aero;  other  pieces  were  ntoved  a  similar  dis¬ 
tance  toward  ground  zero.  A  postsbot  view  of  the  landing  mat  Is  shown  in  Figure  4.30.  Because 
of  the  complete  destruction  resultii%  irom  Koa  no  further  observations  were  made  for  the  re¬ 
maining  shots. 

4.2  SITE  JANET 

The  effecU  of  Shots  Yellowwood  ..  ;  Tobacco  (11.7  kt).  Walnut  (1.4S  Mt),  Elder  (940  kt), 
Dogwood  (397  kt),  Olive  (202  kt),  and  Pine  (2.1  Mt)  were  observed  at  Site  Janet.  Shot  Koa  had 
no  real  effect  at  this  site.  The  shot  geometry  and  pressure  contours  are  shown  In  Figure  4.31. 
The  thermal  radiation  from  Yellowwood  caused  grass  fires  In  scattered  areas.  Cracks  on  the 
ground  surface  apparently  caused  by  ground  shock  from  Shots  Koa  and  Yellowwood  were  observed 
throughout  the  site. 

4.2.1  Item  28,  Station  1312.  A  large,  4-room,  relnforced-concrete  recording  station  was 
constructed  during  Operation  Harutack  (1958).  The  general  plan  for  this  structure.  Including 
the  locations  of  the  self-recording  air-overpressure  gages  and  accelerometers,  Is  shown  in 
Figure  4.32. 

This  station  was  located  In  an  estimated  13-,  3.7-,  33-,  58-,  31-,  21-,  and  22-pnt  <<>7 
overpressure  range  from  Shots  Yellowwood,  Tobacco.  Walnut,  Elder,  Dogwood,  Olive,  and 
Pine,  respectively,  and  w:;8  not  damaged  by  any  of  the  shots. 

The  concrete  face  of  the  structure  facing  surface  zero  was  pitted  from  the  effects  of  Walnut 
and  Elder.  The  total  thernul  radiation  on  tlie  face  of  the  structure  was  approximately  275  cal/ 
cm’  Itom  Walnut  and  450  cal/cm*  from  Elder.  Since  this  station  was  very  close  to  the  shore 
line,  the  pitting  of  the  front  face  must  have  been  almost  entirely  the  result  of  surface  spalling  of 
the  CO  icrete  due  to  the  thermal  radiation.  Steel  surfaces  exposed  to  this  same  radiation  level 
on  the  face  of  the  structure  showed  no  structural  effects. 

The  force  of  the  water  waves  from  Shot  WaUiut  eroded  the  soil  adjacent  to  the  foundation  of 
the  structure  to  depths  of  5  and  8  tee-  'Figu-e  •Sti'-t  Eider  la«d  u-  addliluturl 

The  correlation  of  results  of  shock-tube  tests  on  diffracliuu-lype  Ui'geU  with  similar  resulU 
of  lull-SK:ale  tests  arc  complicated  due  to  the  effects  of  precursor  and  dust  luadlng  In  the  field, 
*<hich  ^re  not  present  In  the  shock  tube.  Beesuse  of  the  absence  of  precursor  and  dust  effects 
the  opportunity  eras  afforded  at  Station  1312  to  obtain  data  on  the  effect  of  a  fast-rise-time  pres¬ 
sure  pulse  on  a  diffraction  type  atructure,  which  could  be  more  easily  compared  with  similar 
reaulta  of  shock-tube  tests.  Therefore,  with  the  assistance  of  personnel  of  the  BsUlatlcs  Re¬ 
search  laboratnr‘.ns,  special  efforts  were  made  to  obtain  blaat-dUfractlon  data.  For  a  detailed 
presentation  of  tie  diffraction  stmfy,  see  Appendix  B. 

The  result-  '  air-overpressure  measurements  are  ahoc.-n  In  Table  4.4.  Due  to  malfunctions 
of  the  accelerometer  gagea  no  acceleration  data  was  obtained. 
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Figure  4.21 
generator. 


Poat-Koa,  (Item  23)  cloae-up  ol  damaged 
kt'roacure  level:  Koa,  38  pal. 
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4.2.2  Item  26,  Station  3,1.1,  Greenhouse.  A  multistory,  multlcompartment  structure  was 
constructed  durin){  Operation  Greenhouse  (19S1).  During  Greenhouse  the  structure  was  damaged 
due  to  a  peak  reflected  air-blast  overpressure  of  about  30  psl  from  Shot  Easy  (Reference  9).  The 
air  blast  from  Shot  Item  caused  light  damage.  In  general,  the  damage  to  the  structure  caused  by 
the  Mike  shot  of  Operation  Ivy  (1BS2,  Reference  1)  was  of  the  same  order  of  magnitude  as  that 
caused  by  Shot  Easy  (Greenhouse).  No  additional  damage  was  sustained  by  the  structure  during 


TABLE  4.4  rHEE-iTELX)  ADl-OVERPRESSUaE  MEASUREMENTS,  SITE  JANET 
rigur*  4.31  tor  loetUen  ot  SteUeni  174.88  «i>d  174. >1. _ 


Shot 

81ta 

Ground 

Raafo 

_ a. 

d/W*''* 

ft/kt*''* 

Poaltivo 

Duration 

Maximum 

Ovorprouauro 

Ground 

Rant* 

(d) 

d/W‘/* 

n/ki'/* 

PoalUvo 

Duratloo 

Maximum 

Ovorprobiuro 

MC 

pat 

ft 

Me 

pal 

station 

174.26 

(noar  Station  1312) 

Station 

174.31 

(near  StaUon  3.1.1) 

Yollowwood 

Janat 

6,S0ft 

aftft 

15.5 

6,254 

1,183 

1.6W 

7.3 

Toboeco 

1,756 

0.716 

3.6 

6.C04 

2,614 

0.101 

1.8 

Walnut 

S.006 

526 

1.706 

43.0 

6,254 

726 

2.057 

16.0 

Cldir 

3.tM 

407 

— 

71.0 

Operation  Castle  (1954,  Reference  10)  or  Operation  Redwing  (1956,  Reference  11).  The  over¬ 
all  perspective  for  this  structure  is  shown  In  Figure  4.34. 

This  station  was  located  in  an  estimated  Y.0-,  1.7-,  16.0-,  20-,  12-,  Q.4-,  ana  13-psl  air- 
overpressure  range  for  Shots  Yellowwood,  Tobacco,  Walnut,  Elder,  Dogwood,  Olive,  and  Pine, 
respectively.  The  effects  from  Tob?'--  ■vc<--7  negligible  and  no  further  mention  of  that  shot  will 


Figure  4.S0  Post-Koa,  (Item  24)  helicopter  pad. 
Pressure  level;  Koa,  38  psl. 


be  made.  An  overall,  pre-Hardtack  view  of  this  station  Is  shown  In  Figure  4.35.  A  preshot 
view  of  typical  damjge  to  a  first  tloor  column  (Col.  13C)  In  Building  5  Is  shown  In  Figure  4.36. 
Building  S,  a  r^i.  Vrced-concrete  structure  with  window  openings,  recelvea  more  damage  from 
previous  operations  than  any  other  of  the  buildings.  The  other  noticeable  damage  from  previous 
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Figure  4.32  PUn  including  locations  tor  air -overpressure  gages 
and  accelerometers  for  (Item  25}  Station  1312,  Site  Janet. 
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Figure  4.33  Post-Walnut,  (It)m  35)  Station  1312,  erosion  adjacent  to 
foundation.  Pressure  level:  '.Valnut,  33  psl;  Slider,  58  psl;  450  cal/cm*. 
operations  was  found  In  the  roof  of  Building  4,  a  relnforced-cuncrete  shear-wall  structure,  see 
Figures  4.37  and  A.Hi. 

All  overall  view  of  post-Yellovrwood  (pressure  level  of  7.0  pul)  Is  shown  In  Figure  4.39.  By 
comparing  Figures  4.35  and  4.39  It  can  be  observed  that  the  oil  drums  and  supporting  wood 
fi'ames  (outside  center  of  building)  were  lightly  damaged.  Indicating  that  the  structure  Itself  was 


Figure  4.34  Overall  uerspectlve  to:  (”rm  26)  Station  3,1.1,  Site  Janet. 

not  damaged  by  the  shot.  A  visual  Inspection  and  column-offset  measurements  (see  Table  4.5) 
also  proved  that  the  structure  received  no  appreciable  damage  from  Yellowwood. 

The  structure  responded  aiqireclably  to  the  effects  of  Shot  Walnut  (pressure  level  of  16  psl). 
Figures  4.40  and  4.41  show  the  overall  damage,  which  can  be  compared  with  Figure  4.39  for 
pre-Walnut  '.".:mage.  The  corrugated  siding  on  the  metal  buildings  was  damaged  severely.  Major 
damage  W7.s  observed  In  Building  5;  damage  to  the  front  face  and  first-floor  columns  Is  shown  m 


91 

SECRET 


Figure  4,35  Preebot,  (Item  26)  SUtlon  3.1.1,  Site  Janet. 


Figure  4.36  Preebot,  (Item  26)  Station  3.1.1,  Column  13C, 
concrete  frame  building.  Site  Janet. 
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Figure  4.37  Preeiiot,  (Item  28)  SUtlon  S.1.1,  crack  in  celUng  adlncant 
to  Column  Line  10  ot  the  shear  wall  building  looking  away  trom  surface 
sero,  Site  Janet. 


Figure  4.38  Freabot,  (Bern  88)  Station  3.1.1,  crack  in  ceiling 
adiacent  to  north  wall  of  the  shear-wall  building  looking  away 
from  surface  sero.  Site  Janet. 


Figure  4.38  Poat-Yellowwood,  (Bern  2A)  Station  3.1.1.  Pressure 
level:  Yellowwood,  7  psl. 
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Figures  4.42  through  4.45.  A  pre-  and  post-Walnut  view  of  Column  ISC  can  be  compared  In  Fig¬ 
ures  4.36  and  4.45.  The  columns  In  the  upper  two  floors  of  this  building  did  not  receive  compar¬ 
able  damage  as  their  first-floor  counterparts  (Figure  4.46).  Evidently  the  first-floor  columns 
took  uiost  of  the  moment  and  shearing  forces  while  the  second  and  third  floors  moved  away  from 
surface  as  a  unit  (Figure  4.42).  The  tups  of  the  first-floor  columns  (Columns  13A,  B,  C  and  14A, 
B,  C)  were  displaced  horizontally  approximately  10  Inches  away  from  surface  zero  with  respect 
to  their  bases  (Table  4.5). 


Figure  4.40  Post-Walnut,  (Item  26)  Station  3,1.1.  Pressure 
level;  Walnut,  16  psl. 

The  other  three  frame-type  buildings  (2,  3,  and  5)  underwent  very  little  additional  lateral 
movement  (Table  4.5).  It  should  be  noted  that  the  lateral  movement  as  shown  In  Table  4.5  is 
the  permanent  displacement  and  not  the  peak  transient  deflection.  Damage  to  columns  In  the  third 
floor  of  Building  3  Is  sho  rn  In  Figures  4.47  and  4.48.  A  typical  column  of  Building  2  Is  shown  In 


Figure  4.41  Post-Walnut,  (Item  26)  Station  3.1.1,  aerial  view. 
Pressure  level;  Walnut,  16  pel. 


Figure  4.49;  this  picture  also  shows  the  suspended  plumb  bob  that  was  used  In  measuring  column 
offsets.  The  roof  In  Building  6  lilted  upward  3  to  4  Inches,  tapering  to  Its  normal  position  at  a 
point  7  or  8  feet  from  the  front  wall  (Figure  4.50).  The  cracked  roof  section  In  Building  4  opened 
conb  '.i'.  .  ably,  being  displaced  a  maximum  of  10  Inches  at  the  center  of  the  section  adjacent  to 
Column  Line  10  and  the  north  end  of  the  building  (Figures  4.51  and  4.52),  The  bottom  bars  (No 
4)  of  the  slab  failed  In  tension  as  was  noted  by  the  neck-down  of  the  bars  at  the  point  of  breakage. 
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Figure  4.42  Post-Walnut,  (Item  26)  Station  3.1.1,  close-up  of 
Building  S,  a  relnlorced-concrete  frame  structure.  Pressure 
level:  Walnut,  16  psl. 


Figure  4.43  Post-Walnut,  (Item  26)  Station  3.1.1,  front  column 
of  Building  S.  Pressure  level:  Walnut,  16  psl. 
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Figure  4.44  Poat-Watnut,  (Item  26) 
Station  3.1.1,  second  row  of  columna 
of  Building  5.  Pressure  level:  Walnut, 
16  psl. 


Figure  4.4S  Post>Wainut,  (Hem  26) 
Station  3.1.1,  third  row  of  columns  of 
Building  6.  Pressure  level:  Walnut, 
16  psl. 
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Fl(ur«  4.46  Poat'Wmlnut,  (lt«m  >6)  SUtloo  3.1.1, 
ColMmn  13C,  Mcand  floor  of  Building  3.  Prensure 
l«v«l:  Whlaut,  <4  pni. 


Flguvu  4.47  Poat-Walnut,  (Itoin  26)  SUtlon  3.1,1,  Column  BA, 
ti  :  iluur  ol  Building  3.  Pressure  level:  Walnut,  16  pst. 
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Figure  4.49  Post-Walnut,  (Item  26)  Station  3.1.1,  Column  5C, 
first  floor  of  Building  2.  Pressure  level;  Walnut,  16  psi. 
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Figure  4.51  Post-Walnut,  (Item  26) 
Station  3.1.1,  crack  In  celling  adjacent 
to  Column  Line  10  of  the  shear-wall 
building  looking  away  from  surface  zero. 
Pressure  level:  Walnut,  16  psi. 
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The  top  bars  (No.  5)  held  the  cracked  roof  section  In  place. 

Sh-- 1  Elder  (pressure  level  of  20  psl)  caused  additional  damage  as  can  be  compared  by  viewing 
Figures  4.53  and  4.54  with  Figure  4.40.  The  shear  resistance  of  the  first-floor  columns  of  Build¬ 
ing  5,  the  concrete  frame,  drag  structure,  was  overcome  and  the  upper  floors  intact  settled 
down  with  the  second  floor  girders  resting  on  the  collapsed  first  floor  columns  (Figure  4.55). 

The  column  offset  measurements  for  Buildings  2,  3,  and  6  are  shown  in  Table  4.5.  A  front  view 
of  Buildings  1,  2,  and  3  Is  shown  In  Figure  4.56,  Building  3,  the  reinforced-concrete  (diffraction) 
structure  underwent  additional  permanent  lateral  movement,  but  unlike  Its  counterpart,  Building 
5  (drag-type  structure),  the  columns  on  each  floor  displaced  laterally  approximately  the  same 
amount  and  showed  signs  of  damage  (Figures  4,57,  4.58,  and  4.59),  The  rear  wall  of  Building  3 
cracked  horizontally,  evidently  from  bending  (Figure  4.60).  Buildings  2  and  6  deflected  approxi¬ 
mately  ‘4  loch  away  from  surface  zero.  However,  most  of  the  roof  section  of  Building  6  was 
blown  upward  by  the  blast  and  thrown  to  the  ground  surface  tn  the  rear  of  the  structure  (Figure 
4.61).  Channel  shear  keys  welded  to  the  roof  girder  are  also  visible  In  the  picture  as  well  as 
the  damage  to  the  roof  at  the  south  end  of  Building  4.  The  major  damage  to  Building  4  occurred 
at  the  north  end  where  the  roof  was  punched  inward  and  is  supported  by  the  cantilever  effect  of 
the  reinforcing  steel  (Figures  4.62,  4.63,  and  4.64). 

The  station  was  next  Investigated  after  Shots  Dogwood,  Olive,  and  Pine  had  been  fired;  the 
resulting  estimated  overpressure  levels  were  12,  8.4,  and  13  psl,  respectively.  An  overall 
postoperation  view  of  the  structure  is  shown  in  Figure  't.o5.  Ciiile  additional  damage  was  ob¬ 
served  for  Buildings  2,  3,  or  6.  As  shown  in  Table  4.5,  the  postoperctlon  column  displacements 
for  Building  6  were  approxlmatelv  the  same  as  those  for  post-Elder;  the  postoperation  displace¬ 
ments  for  Buildings  2  and  3  were  less  than  those  for  post -Elder,  indicating  that  rebound  for  the 
buildings  occurred  at  a  slow  rate. 

Building  4  showed  evidence  of  additional  damage.  However,  the  shear  walls  appeared  sound 
and  the  damaged  roof  panels  were  in  about  the  same  condition  as  observed  after  Shot  Elder.  The 
third-floor  slab  underwent  considerable  bending.  The  maximum  sag  In  the  slab  between  the  north 
shear  wall  and  Column  Line  10  was  6  Inches,  between  Column  Lines  10  and  11,  3  Inches,  and 
between  Column  Line  11  and  the  south  shear  wall,  12  Inches.  A  view  of  the  underside  of  the  third 
floor  along  Column  Line  11  and  the  front  wall  facing  surface  zero  Is  shown  In  Figure  4.66.  The 
rotation  experienced  by  the  third  floor  slab  caused  It  to  crack  at  the  Intersection  of  both  shear 
walls.  A  crack,  having  a  3-lnch  differential  vertical  displacement,  developed  at  the  Intersection 
of  the  third-floor  slab  and  front  wall  between  Column  Line  11  and  the  soul:,  shear  wall  (Figure 
4.67). 

4.2.3  Item  27,  Station  3.1.3,  Greenhouse.  A  composite-type,  semi-buried  shelter  was  con- 
structed  during  Operation  Greenhouse  (1951).  No  plastic  deformations  or  damage  were  observed 
during  that  operation  (Reference  9);  however,  earth  blown  by  the  blast  from  the  Mike  shot  partially 
blocked  the  entrance.  The  structure  consisted  of  four  major  parts;  a  cast-ln-place,  reinforced- 
concrete  shelter;  three  precast,  reinforced-concrete  pipe  sections;  a  corrugated-pipe  section; 
and  a  cast-in-place,  reinforced-concrete  entrance  (Reference  9).  The  structure  suffered  no 
major  structural  damage  during  Operation  Ivy  (1952,  Reference  1);  however,  the  blast  doors  were 
removed  prior  to  tUo  test  and  the  ’vfi;'.drra"'“  air  lock  was  destroyed  by  air  blast  (approximately 

18  psl),  and  the  painted  surface  of  the  vent  pipe  was  charred  on  the  side  facing  giound  icro.  No 
additional  damage  was  Inflicted  to  the  structure  during  Operations  Castle  (1954,  Reference  10) 
and  Redwing  (1956,  Reference  11). 

The  maximum  estimated  overpressure  receive.;  by  this  station  WuS  29  jjai  from  Shot  Eider. 

The  station  received  no  additional  damage  from  any  of  the  shots;  however,  the  water-wave  effects 
from  Shot  Walnut  filled  the  entranceway  with  6  inches  of  mud  and  left  water  standing  to  a  height 
indicated  by  the^water  marks  shown  in  Figure  4.68. 

4.2.4  Itei  i  26,  Stations  20 A,  B,  C,  D,  E  and  F,  Greenhouse.  Reinforced-concrete  gage  piers 
were  con.>iiucted  and  undamaged,  except  for  Station  20A,  during  Operation  Greenhouse  (1951). 
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Figure  4.52  Post'Walnut,  (Item  26)  Station  3.1.1,  crack  in 
celling  adjacent  to  north  wall  ol  shear>waU  building  looking 
away  from  surface  zero.  Pressure  level;  Walnut,  16  psl. 


-j' ■ 


Figure  4.53  Post-Elder,  (Item  26)  Station  3.1.1,  front 
'lew.  Pressure  level:  Elder,  20  psi. 
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Figure  4.56  Pc:i  (Item  26)  Station  3.1.1, 

close-up  of  Buildings  1,  2,  and  3.  Pressure 
level:  Elder  20  psl. 


Pressure  level:  Elder,  20  psl. 
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Figure  4.58  Post-Elder,  (Item  26)  Stttlon  3.1.1, 
Columns  7  and  8B,  second  floor  of  Building  3. 
Pressure  level:  Elder,  20  pal. 


Figure  4.S9  Post-Elder,  (Item  26)  SUtlon  3.1.1, 
Columns  7  and  8B,  third  floor  of  Building  3. 
Pressure  level:  Elder,  20  psl. 
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Figure  4.60  Post-Elder,  (Item  26)  Station  3.1.1,  Column  8D  and 
crack  In  rear  wall,  first  floor  of  Building  3.  Pressure  Level: 
Elder,  20  psl. 


Figure  4.61  Post-Elder,  (Item  26)  Station  3.1.1,  destroyed  roof  section 
of  Building  6  and  damaged  area  to  roof  at  south  end  of  Building  4.  Pres¬ 
sure  level;  Elder,  20  psl. 


Figure  4.6':  Post-Elder,  (Item  26)  Station  3.1.1,  outside  view  of  punched-ln 
roof  sc-;'  'i.  at  north  end  of  Building  4.  Pressure  level:  Elder,  20  pel. 
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Figure  4.63  Post  Elder,  (Item  26)  Station  3.1.1, 
Inside  view  of  punched-ln  roof  section,  north  end 
of  B^..lldtng  4.  Pressure  level:  Elder,  20  psl. 


Figure  4.64  Post-Elder,  (Item  26)  Station  3.1.1,  close-up  of  punched-ln 
I'oof  section,  north  end  of  Building  4.  Pressure  level;  Elder.  20  p'l. 
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Figure 
aerial  view. 


PosV-Dogvwftd.  Olive,  and  -Pine,  (Item  26)  Station 

Pressure  levels:  Dogwood,  12  psl;  OUve,  8.4  psi.  and  Pou. , 


13  psl. 


►•’Igure  4.66  Post-Dogwood,  -Olive,  and  -Pine,  tllem  26) 
Station  3.1.1,  underside  of  third  floor  along  Column  Line  1., 
and  the  front  wall  facing  surface  zero.  Pressure  leveLc; 
Dogwood,  12  psl;  OUve,  8.4  psl;  and  Pine,  13  psi. 
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Figure  4.67  Po8t*DogM«ood,  -Olive,  and  -Pino,  (Item  Z6) 
Station  3.1.1,  crack  In  third  floor  at  Intersection  ot  front 
wall  between  Column  Line  11  and  south  shear  wall.  Pres 
sure  levels;  Dogwood,  12  psl;  Olive,  8.4  pal;  and  Pine, 

13  pal. 


Figure  4.68  Post-Walnut,  (Item  27) 
bUtUun  3.1..*i,  entrance  filled  with 
mud.  Pressure  level:  Walnut,  21  psl. 
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station  20A  was  clcstroyod  either  clurlim  Operation  Ureenhoiise  or  Operation  Ivy. 

The  struetural  details  and  elevation  views  of  this  Item  are  shown  In  Finure  4.69. 

Stations  20B,  C,  D,  and  E  were  destroyed  by  the  air-blast  effects  from  Shot  Walnut.  1  allun 
20F  was  not  damaged  by  any  of  the  shots.  See  Appendix  C  for  a  detailed  analysis  of  the  resiwnse 
of  these  piers  to  blast  pressure. 

Table  C.l  lists  the  pressures  sustained  by  the  various  piers  and  the  sub.s(>qucnt  damage.  A 
typical  preshot  view  of  a  pier  (Station  20B)  Is  shown  In  Figure  4.70  and  a  iHisl-Walnnt  (pressure 
level,  25  psl)  view  of  tl,e  same  pier  depleting  typical  damage,  .separation  ol  the  stem  from  the 
base.  Is  shown  In  Figure  4.71. 


4.2.5  Item  29,  Station  77,02.  A  relnforci'd-coiicrcte  recordlitg  -station  was  construcied  during 
Operation  Hardtack  (1958^. 

This  station  was  not  damaged  from  any  of  the  shots  and  received  a  ma.vlimim,  estlmatnl  pres- 
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Figure  4.69  Structural  details  and  elevation  views  ol  (Item  28) 

Stations  20A,  B,  C,  D,  E,  and  F,  Site  Janet. 

sure  of  17  psl  from  Shot  Elder.  The  antenna  and  ventilating  devlce.s  on  top  of  this  station  (Figure 
4.72)  were  removed  prior  to  Shot  Elder. 


4.2.U  Item  30,  Landing  Pier.  An  earth-filled  pier  wltn  reinforced-concrele  side  walls  and 
concrete  cubicles  (5  by  5  by  5  feet  with  6-inch  walls  and  filled  with  sand)  for  additional  stability 
received  no  damage  from  the  first  two  shots,  Yellowwood  and  Tobacco. 

However,  Shots  Walnut  and  Elder  caused  considerable  damage  (compare  Figures  4.73,  4,74, 
and  4.75).  Two  of  the  conrreto  cubicles  were  thrown  45  and  75  feet,  respectivelv,  the  steel 
Iramework  at  the  end  ol  the  pier  was  beat  over,  and  ihe  steel  grill-type  flooring  wa.s  blown  a 
from  the  effects  of  Walnut  (Figure  4.74),  The  welded  horizontal  beams  were  fractured  at  the  welds 
on  the  side  adjacent  to  ihe  columns;  the  columns  tlUod  on  a  3-to-l  (vertb.al  to  horizontal)  slope 
o  v.-.y  fco.i.  surface  zero.  During  Shot  Elder  the  horUonfr.t  structural  mei..'L.c.i-,-,  -A  the  steel 
framework  were  blown  on  sho  -e  and  oc-y  the  tilted  legs  remained  in  place  (Figure  4.75).  The 
two  concrete  cubes  that  were  Isplaced  from  Walnut  were  moved  only  slightly;  no  additional 
cubes  were  displaced.  No  additional  damage  was  observed  from  the  other  shots. 

4.2.7  Camp.  This  camp  was  almost  entirely  dismantled  prior  to  any  of  the  shots;  howevet, 
tho  wood  frame  i  r  some  buildings  and  tents  were  left  in  place. 
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Figure  4.70  Preehot  (Item  28)  Station  20B.  view  ol  gage 
pier  facing  surface  zero,  Site  Janet. 


Figure  4.71  Post-Walnut,  (Item  28)  Station  20B,  view  of 
toppled  gage  pier.  Pressure  level:  Walnut,  2S  p,'<l. 
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?tgure  4.73  Preshot,  (Item  30)  landing  pier,  Site  Janet. 
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Figure  4.74  Post -Walnut,  (Item  30)  landing  pier.  Pressure  level:  Walnut,  23  pst. 


Figure  4.75  Post-Elder,  (Item  30)  lauding  pier.  Pressure  level;  Elder,  30  psl. 
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Tho  wood  frames  were  destroyed  by  i!'e  effects  from  Shot  Koa  (pressure  level  of  5.2  psl). 

Shot  Yellowwood  (pressure  level  of  6.2  psl>  scattered  oil  drums  that  had  been  previously  scattered 
(Figure  4.76). 

4.3  SITE  YVONNE 

The  effects  of  Shota  Cactus  (17  kt),  Butternut  (Bi>  kt).  Holly  (5.6  kt),  Magnolia  (57  kt),  Rose 
(14.5  kt),  Linden  (11. 1  kt),  Sequoia  (5.3  kt),  Plsonla  (kC*  ktl  ^ig  (21.5  tons)  were  observed 
at  Site  Yvonne.  The  shot  geometry,  with  pressure  contours  and  test  stations.  Is  shown  in  Figure 
4.77. 


4.3.1  Item  31,  Station  1130,  A  relnforced-concrete  bunker  was  constructed  during  Operation 
Hardtack  (1958).  This  structure  was  designed  to  resist  a  470-psl  air  overpressure  and  a  3,270- 


Figure  4.76  Postshot,  Janet  Camp.  Pressure  levels: 

Yellowwood,  6.2  psl;  Tobacco,  1.5  psl. 

psl  reflected  air  overpressure.  The  plan  and  elevation  for  this  structure  are  shown  in  Figure 
4.78. 

The  structure  was  located  in  the  450-psl  air -overpressure  range  for  Shot  Cactus  and  damaged 
only  from  that  shot.  The  damage  was  confined  to  the  side  tunnel.  A  preshot  view  of  the  entrance 
(side  away  from  ground  zero)  Is  shown  In  Figure  4.79  and  a  post-Cactus  view  is  shown  In  Figure 
4.80.  Thermal  iudiaiion  uoUuiutcd  to  be  r.O  from  Shot  Butternut,  which  was  fired  after 

Shot  Cactus,  ourned  the  black  paint  otf  the  vail  surface  as  can  be  seen  by  comparing  Figures 
4.79  and  4.80.  A  preshot  view  of  the  entrance  to  the  side  tunnel  is  shown  in  Figure  4.81.  A  post- 
Cactus  view,  Figure  4.82,  shows  the  damaged  entr.anceway.  Apparenf  y  tiie  blast  wave  that 
entered  the  tunnel-like  entrance  (sldc-on  to  the  shoek  ,'.ont)  was  reflected  ?.t  t';o  tunnel’s  end. 

The  resulting  Increase  in  pressure  caused  the  tunnel  walls  and  roof  to  separate  and  crack  as 
though  an  explosion  had  occurred  inside  the  tunnel.  An  interior  crack  near  the  junction  with 
main  structure  showing  the  "bulging"  failure  can  be  seen  in  Figure  4.83.  The  tunnel  was  not 
fastened  with  dowels  to  the  main  station  but  merely  keyed. 

Thermal  radli.ilon  at  this  close  range  was  estimated  to  be  650  cal/cm*.  Very  little  of  the 
tunnel  was  di.uctly  exposed  to  this  radiation  as  can  be  seen  In  Figure  4.81;  however,  the  areas 
that  were  exposed  showed  remarkably  little  effect  due  to  this  exposure.  Figure  4.82. 
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Figure  4.78  Plan  and  elevation  for  (Item  31)  Station  1130, 
relnforced-concrete  bunker,  Site  Yvonne. 
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Figure  4.7a  Preshot,  (Item  31)  Station  1130,  entrance,  Site  Yvonne. 


Figure  4.80  Pootshot,  (Item  31)  Station  1130,  entrance. 
Pressure  level:  Cactus,  450  psl;  Butternut,  20  cal/cra*. 
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‘*.3,2  Item  32,  Station  1220.01.  A  steel  cubicle  mounted  on  a  structural-steel  platform  ivas 
erected  during  Operation  Hardtack.  This  station  was  located  In  the  450-pst  alr-overprcssure 
range  for  Shot  Cactus  and  was  destroyed;  only  the  legs  of  the  structure  survived.  Preshot  and 
postshot  views  are  shown  In  Figures  4.84  and  ..86,  respectively. 

4.3.3  Item  33,  Station  1216.  A  reinforced-concrete  terminal  for  a  pipeline  was  constructed 
during  Operation  Hardtack  (1958). 

This  station  was  located  In  the  4S0-psl  air-overpressure  range  for  Shot  Cactus  and  apparently 
undamaged.  A  preshot  picture  Is  shown  In  Figure  4.85  and  a  post-Cactus  view  In  Figure  4.86. 

4.3.4  Item  34,  Station  1612.  A  reinforced-concrete  recording  station  with  a  timber  entrance 
tunnel  and  reinforced-concrete  retaining  wail  was  constructed  during  Operation  Hardtack  (1958). 
The  plans  for  the  station  with  details  lor  the  retaining  wall  only  are  shown  In  Figure  4.87. 

This  station  was  located  In  the  1,600-psl  air-overpressure  range  for  Shot  Cactus.  As  a  re¬ 
sult  of  the  surcharge  from  this  overpressure  the  timber  entrance  tunnel  was  filled  In  with  sand 
and  the  adjoining  retaining  wall  cracked  and  tilted  outward  2  to  3  feet.  A  preshot  view  of  the 
retaining  wall  Is  shown  In  Figure  4.88  and  a  post-Cactus  view  showing  both  the  retaining  wall 
and  the  enirance  to  llie  station  Is  shown  In  Figure  4.89. 

The  damaged,  saud-lilled  timber  tun.nel  nai  romr'Ved  by  the  use  of  a  bulldozer  and  the  Interior 
of  the  detector  station  was  investigated  for  structural  damage.  It  was  observed  that  the  rear 
wall  (wall  away  from  ground  zero)  was  damaged  at  the  junctures  with  both  the  celling  and  floor 
(Figure  4.90).  Apparently  air  blast  entered  the  collimator  pipes  and  tended  to  blow  out  the  rear 
vnill.  The  rear  wall  was  1  foot  thick,  the  floor  and  celling  both  were  ?  feet  thick,  and  the  steel 
reinforcement  for  all  three  elements  consisted  of  No.  7  bars  at  12  Inches  on  center,  both  ways, 
and  In  each  face. 

4.3.5  Item  35,  Stations  1523.01  io  1523.04.  Four  steel-pipe  towers  encased  by  a  plywood 
covering  were  constructed  for  Operation  Hardtack  (1958).  A  corrugated-metal  pipe  (48  Inches 
In  diameter)  mounded  with  sand  led  from  each  station  to  ground  aero.  A  preshot  picture  of  this 
station  is  shown  as  Figure  4.91. 

The  stations  were  located  In  the  450'P8l  air -overpressure  zone  for  Shot  Cactus  and  were  de¬ 
stroyed  by  that  shot.  All  that  remained  'vas  the  foundations  for  the  tf'”crs  and  remnants  of  the 
corrugated  pipe. 

The  air-blast  wave  smashed  the  far  wall  of  each  tower  foundation,  as  shown  In  Figure  4.92. 

A  typical  failure  pattern  for  the  48'lnch,  round,  corrugated-metal  pipe  leading  to  ground  zero 
Is  shown  In  Figure  4.93. 

4.3.6  Item  36,  Station  1310.  A  massive,  reinforced-concrete  structure  was  constructed  and 
undamaged  during  Operation  Redwing  (1956).  A  new  reinforced-concrete  room  was  added  on  the 
roof  and  the  entire  structure  mounded  over  with  earth  for  Operation  Hardtack  (1958). 

This  station  received  a  maximum,  estimated  overpressure  of  16  psl  from  Shot  Magnolia  and 
experienced  uo  structure’  damatre  from  any  of  the  shots.  A  preshot  view  of  this  station  Is  shown 
In  Figure  4.94  a.ud  post-Rose  view  rfhowlig  loss  of  earth  cover  Is  shown  In  •••'gure  4.95. 

4.3.7  Item  37,  Water  Tank.  A  21,000-gallon  lank  constru:  -ed  of  V(-lnch  steel  plates  with 
'/j-inch  round  bolts  spaced  at  2  inches  on  center,  and  having  a  r'ld’us  of  JO  feet  10  Inches  and  a 
height  of  8  feet,  was  damaged  during  Hardtack  (1958). 

The  tank  was  located  In  thel.5-,  6.5-,  2.4-,  7.0-,  2.5-,  3.4-,  2.3-,  and  3.4-psl  air-overpressure 
zones  for  Shots  Cactus,  Butternut,  Holly,  Magnolia,  Rose,  Linden,  Sequoia,  and  Plsonla.  The 
tank  was  not  affected  by  Shot  Cactus  but  was  damaged  by  Shot  Butternut  as  shown  In  Figure  4.96. 
The  tanl.  was  half  full  of  water  at  that  time.  Shot  Holly  had  no  additional  effects.  The  tank  was 
additionally  by  Shot  Magnolia  as  seen  by  the  local  buckling  failure  around  the  top  perim¬ 
eter  and  the  dishing  of  the  roof  as  shown  In  Figure  4.97.  No  additional  damage  from  the  remalu- 
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Figure  4.83  Post-Cactus,  (Item  31)  Station  1130,  crack  at  Intersection 
of  tunnel  and  main  structure.  Pressure  level:  Cactus,  450  psl. 


Figure  4.84  Preshot,  (Item  32)  Station  1220.01, 
cubicle,  Site  Yvonne. 
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4.86  Post-Cactus,  (Items  33  and  33)  buttons  1220.01 
and  1216.  Pressure  level:  Cac'  is,  450  psl. 
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Figure  4.90  Poat-Cactus,  (Item  34)  Station  1612,  Interior  view. 
Preaaure  level:  Cactus,  1,600  pal. 


V  4.61  Preshof,  (Item  35)  Stations  1523.01  to  1523.04,  Site  Yvonne 
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Figure  4.92  Post-Cactus,  (Item  35)  SUtions  1523.01  to  1523.04, 
(oundation  pit  for  towers.  Pressure  level:  Cactus,  450  psl. 


Figure  4.93  Post-Cactus,  (Item  35)  Stations  1523.01  to  1523.04,  48-tnch 
icUl  corrugated  pipe  leading  to  ground  zero.  Pressure  level:  Cactus, 
450  psl. 
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Figure  4.95  Post-Rose,  (Item  36)  Station  1310,  concrete,  earth-covered 
statl'  i.  Pressure  levels:  Cactus,  4.5  pel;  Putternut,  12  pal;  Holly,  7.6 
psl;  Magnolia,  16  psi;  and  Rose,  4.2  psl. 
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Figure  4.97  Post-MagnolU,  (Item  37)  21,000-gaUon  water  tank  and 
Yvonne  Camp  area.  Pressure  level:  Magnolia,  7.0  psl. 
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ing  shots  was  observed.  Even  though  the  tank  was  badly  dented  near  the  upper  rim  none  of  the 
bolts  or  bolt  holes  showed  signs  of  Incipient  failure,  and  It  appeared  that  the  tank  with  some 
minor  repairs  could  easily  be  placed  In  use  again.  The  above-ground  connections  of  4-lnch  and 
2-lnch  water  plpjs  and  the  exposed  4-lnch,  rising-stem,  gate  valves  (12S-psi  rated)  were  un¬ 
damaged. 

4.3.8  Yvonne  Camp.  The  camp  located  at  the  south  end  of  Site  Yvonne  (Figure  4.77)  was 
damaged  severely.  Damage  resulting  from  the  various  shots  to  several  types  of  construction 
and  miscellaneous  Items  is  described  as  follows; 

Timber  Buildings  and  Tents.  Light  temporary  timber  buildings  were  severely 
damaged  from  the  l.S-  to  2.0-p8i  air  overpressure  from  Shot  Cactus.  The  first  two  rows  of 


Figure  4.98  Post-Cactus,  camp  damage,  tents.  Pressure 
level:  Cactus,  2.0  psl. 


tents  (closest  to  ground  zero;  were  not  only  collapsed  but  moved  away  from  ground  zero  a  dis¬ 
tance  of  0  to  8  feet  (Figure  4.98).  The  remaining  tents  did  not  experience  this  movement  but 
were  partially  collapsed.  Thb  light-plywood-covercd  buildings  were  severely  damaged,  the 
smaller  buildings  being  damaged  the  least.  T.'ie  iraxtos  of  many  strucures  were  cullapbuU  to 
varying  degrees  and  the  plywood  siding  of  many  was  blown  off  (Figure  4.99).  The  latrine  which 
was  the  closest  camp  building  to  ground  zero  was  not  only  damaged  but  rroved  0  Inches  away 
Irnm  ground  zero.  The  blast  that  entered  this  building  apparently  exerted  a  greater  pressure 
than  the  external  pressure,  as  indicated  by  the  outward  oulglng  of  the  roof  and  side  walls  as 
shown  In  Figure  4.100.  None  of  the  buildings  or  tents  were  charred  from  the  thermal  pulse 
from  Shot  Cactus.  The  estimated  pressure  level  of  5.8  to  8.2  psl  from  Shot  Butternut  completely 
destroyed  all  the  tents  and  timber  buildings. 

Telephone  Poles.  Wood  telephone  poles  located  In  an  estimated  2.5-psi  pressure  range 
for  Shot  Cactuo  v.  >.-o  undamaged.  The  same  poles  located  In  the  12-pBl  air-overpressure  for 
Shot  Butternut  mate  bent  and  one  was  broken  at  the  base  as  shown  in  Figure  4.101;  the  bent  pole 


128 

SECRET 


4.102  Post-] 
.'.evel;  Butternut,  5.8 


Sutternut,  telephone  poles.  Pressure 
psi. 
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In  the  right  foreground  Is  a  3-inch,  round,  steel  pipe.  The  same  poles  were  located  In  an  esti¬ 
mated  16-psl  range  for  Shot  Magnolia  and  were  mapped  off  at  the  base. 

Radar  Reflector.  A  multluntt,  radar  reflector,  undamaged  from  the  effects  of  Shot  Cactus, 
was  ripped  from  Its  concrete  foundation  and  thrown  BO  feet  from  the  effects  of  Shot  Butternut.  A 
view  of  this  station,  which  was  located  In  the  estimated  B.8-psl  range  from  Shot  Butternut,  Is 
shown  In  Figure  4.102. 

Helium  Bottles.  Helium  bottles  stored  In  the  camp  area  were  undamaged  but  snlfted 


Figure  4.105  Postabot,  fire  hydrant.  Pressure  levels;  Cactus, 

2.0  psl;  Butternut,  8.2  pat;  Holly,  3.1  psl;  Magnolia,  9.0  psl; 

Hose,  3.1  psl;  Linden,  4.7  psl;  Sequoia,  3.0  psl;  and  Plsonla, 

2.8  psl. 

slightly  from  some  of  the  shots.  This  movement  can  be  compared  by  viewing  Figure  4.103  (post' 
Butternut,  5.8  psil  and  Figure  4.104  ^post-Magnolla,  6  psl).  The  remaining  shots  had  no  addi¬ 
tional  effects. 

Fire  Hydrant.  A  typical  view  of  a  fire  hydrant  located  In  the  2.0-,  8.2-,  3.1-,  9-,  3.1-, 
4.7-,  3.0-,  and  2.8-psl  air-overpressure  range  for  Shots  Cactus,  Butternut,  Holly,  Magnolia, 
Rose,  Linden,  Sequoia,  and  Plsonla,  respectively.  Is  shown  in  Figure  4.105.  The  hydrant  was 
not  damaged  by  anv  of  the  shets. 
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Chapter  5 

DISCUSSION 


The  discussion  of  results  Is  divided  Into  three  general  categories:  prediction  cun'es,  radiation 
and  water  waves,  and  damage-distance  relationships. 

5.1  PREDICTION  CURVES 

5.1.1  Air  Overpressure.  Observed  pressure-distance  data,  reduced  to  a  1-kt  surface  burst, 
have  been  plotted  In  Figure  5.1,  where  the  solid  curve  Is  Identical  to  the  1-kt  plot  shown  In  Fig¬ 
ure  2.3,  which  was  used  for  predicting  the  ground-surface  air  overpressure  for  each  of  the  vari¬ 
ous  stations  that  were  Investlguied  and  summarized  In  this  report.  The  points  In  the  high-pressure 
zone,  as  plotted  In  Figure  5.1,  represent  data  (References  12  and  13)  from  Shots  Cactus  (17  kt) 
and  Koa  (1.38  Mt),  thus  covering  a  low  yield  and  a  high-yleid  ihot. 

In  the  very-low-pressure  range,  the  plotted  points  represent  data  (Reference  12)  from  Shots 
Cactus,  Koa,  Butternut  (80  kt).  Magnolia  (57  kt),  and  Yellowwood  (340  kt).  The  data,  as  plotted, 
have  not  been  corrected  for  wind,  temperature,  or  any  of  the  other  meteorological  conditions 
that  can  have  marked  effects  on  the  properties  of  a  blast  wave  In  the  ranges  of  very-low  air  over¬ 
pressures. 

The  plotted  points  agree  closely  with  the  prediction  curve,  thus  establishing  a  satisfactory 
level  of  confidence  for  the  predicted  air-overpressure  values  for  the  other  shots  Investigated 
during  the  operation. 

5.1.2  Floor-Slab  Acceleration.  Limited  acceleration  data  are  available,  and  only  a  lew  points 
(References  12  and  13)  were  plotted  on  the  acceleration-prediction  curve  (Figure  2.5),  as  shown 
In  Figure  5.2.  The  points  represent  data  from  Shots  Koa  and  Cactus.  The  data  are  not  sufficient 
to  determine  the  overall  reliability  of  results  obtained  from  using  the  cuive;  however.  '■  aoriearr 
that  a  reasonable  value  can  be  determined. 

5.2  RAOUTION  AND  WATER  WAVES 

5.2.1  Nuclear  Radiation.  Methods  for  predicting  radiation  within  structures  were  not  avail¬ 
able  at  the  time  of  this  operation  except  for  the  slant-thickness  method  which,  as  shown  by  this 
report.  Is  not  reliable.  The  path-of-least-reslstance  method  for  predicting  radiation  wlthl  . 
structures  was  therefore  developed  and  Is  described  In  Appendix  A.  The  measured  and  predicted 
values  using  this  method  were  In  reasonably  close  agreement.  See  Section  A. 6  for  a  detailed 
discussion. 

5.2.2  Thermal  Radiation  Damage.  Primary  thermal  radialioii  has  sc’.doui  been  a  governing 
factor  In  damage  to  structures.  However,  it  Is  quite  important  to  know  thermal  levels  when 
designing  protective  structures  for  very-hlgh-overpressure  regions. 

The  predominant  effect  of  thermal  Irradiation  iS  the  heating  of  exposed  surfaces  of  structures. 
The  effect  of  moderate  Irradiation  on  steel  is  simply  to  heat  the  surface;  however,  thin  sections 
can  lose  strength.  The  effect  of  moderate  Irradiation  on  concrete  results  only  In  surface  spalling. 

Observation  of  structures  during  this  operation  showed  no  case  where  thermal  radiation  was 
a  governing  factor  In  structural  damage.  Observations  Included  steel  exposed  to  1,400  cal/cm’ 
(Item  10)  s"'.!  concrete  exposed  to  850  cal/cm*  (Item  31}. 
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!).2.3  Water  Waves.  BUst-generated  water  waves  were  Instrumental  In  removing  consider¬ 
able  quantities  of  loose  material  from  earth  mounds  and  earth  berms.  Observations  of  wave 
damage  In  this  and  past  operations  Indicate  that  close-ln  structures  surviving  the  effect  of  air 
blast  will  undoubtedly  survive  the  force  of  water  waves.  See  Section  D.5,  Appendix  D,  fur  t. 
detailed  discussion. 

5.3  DAMAGE-DISTANCE  RELATIONSHIPS 

Damage  to  certain  common  facilities  and  Installations,  such  as  camp  sites,  generators,  and 
storage  tanks,  has  been  observed  and  reported  during  several  previous  operations.  For  these 
items,  the  past  damage  data,  as  well  as  that  obtained  during  Operation  Hardtack,  have  been 
studied  for  the  purpose  of  determining  damage-distance  relationships.  Where  possible,  the 
damage  has  been  compared  with  the  curves  of  TM  23-200  (Reference  8). 

Damage  classification,  namely,  severe,  moderate,  and  light  (Reference  8),  has  been  used 
throughout  this  report  In  describing  the  degree  of  damage  to  the  various  stations.  In  the  follow¬ 
ing  sections  a  detailed  description  of  damage  classifications  pertaining  to  specific  items  Is  given. 

5.3.1  Camp  and  Wood-Frame  Structures.  The  light  wood-frame  buildings  for  camp  sites 
were  constructed  to  provide  tempcrrry  facllltici  f^r  neesln?.  storage,  maintenance,  and  admin¬ 
istration.  Typical  construction  for  these  buildings  consisted  of  2-by-4-lnch  studs  2  feet  on  cen¬ 
ter,  trussed  rafters  2  feet  on  center,  Vj-lnch  exterior  plywood  siding,  and  corrugated  aluminum 
roofing. 

The  damage-distance  relationship  shown  In  Figure  5.3  represents  the  results  of  observations 
of  damage  made  during  Operations  Ivy,  Castle,  Redwing,  (Section  1.2.1  and  References  1  and  2), 
and  Hardtack.  The  following  descriptions  define  the  damage  levels  for  the  curves  shown: 

Severe  Damage.  Frame  shattered  so  that  the  structure  Is  for  the  most  part  collapsed. 

Moderate  Damage.  Wall  framing  cracked.  Roof  badly  damaged.  Interior  partitions 
blown  down. 

Light  Damage.  Windows  and  doers  blown  in.  Interior  partitions  cracked. 

Distances  shown  for  severe  damage  are  those  for  which  the  probability  of  the  damage  occur¬ 
ring  Is  SO  percent,  the  2.0-psl  level.  The  spread  of  the  data  In  the  severe-damage  range  supports 
the  methods  of  obtaining  10-percent  and  90-pcrcent  probability  given  in  Reference  8.  For  90- 
percent  probability,  use  Is  made  of  the  distance  for  a  weapon  of  half  the  desired  ^  ... 

percent  probability,  use  Is  made  of  the  distance  for  a  weapon  of  twice  the  desired  yield. 

The  moderate-damage  level  (1.0  psl)  was  determined  by  using  the  distance  for  a  weapon  of 
four  times  the  desired  yield,  as  in  Reference  8.  The  light-damage  curve  (0.75  psl)  Is  Intended 
to  represent  the  upper  limit  of  nuisance  damage  and  the  threshold  of  light  damage.  The  severe- 
damage  curve  (SO-percent  probability)  for  wood-frame  buildings,  one-  or  two-story  house  type, 
as  given  in  Reference  8,  Is  also  shown  in  Figure  5.3. 

Damage  to  several  types  of  heavy-wood-framed  structures  has  been  observed,  but  insufficient 
data  make  it  impossible  to  determine  damage-dlctance  relationships  for  such  variable  structures. 
However,  ii  has  been  uci..Gn.strav.ii  'h!-*  small,  essentially  windowless,  wood-frame  structures 
can  be  designed  to  withstand  overpressures  up  to  4.5  psl  (Reference  1),  If  a.  modera'.e  deycree  of 
damage  is  acceptable. 

5.3. 2  Storage  Tanks.  Damage  curves  (Kel.ircnce  0)  show  that  larg;  oil  storage  tanks  (30  feet 
In  height,  50  feet  in  diameter)  are  primarily  diffraction  structures  and,  therefore,  overpressure 
sensitive.  Damage  levels  for  large  oil  tanks  are  described  as  follows: 

Severe  Damage.  Large  distortion  of  sides,  seams  split,  so  that  most  of  the  contents  are 
lost  (approximately  ll-psl  level). 

Mod)  rate  Damage.  Hoof  collapsed,  sides  above  liquid  buckled,  some  dlstcrtlon  below 
llqulc.  level  (approximately  5-psl  level). 

Light  Damage.  Roof  badly  damaged  (approximately  1-psl  level). 
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A  21,000-gallQn  water  tank  (Item  37)  directly  exposed  to  6.5  and  7.0  pal  of  air  overpressures 
received  light  damage.  The  roof  was  dished  In,  and  there  was  a  small  amount  of  buckling  of  the 
sides  above  the  level  of  liquid  In  the  tank.  In  addition,  It  was  noted  that  there  was  no  damige  to 
the  exterior  connecting  piping. 

Similar  tanka  exposed  during  previous  operations  (Section  1.2.1)  confirm  the  observation  that 
these  smaller  tanks  are  considerably  less  vulnerable  to  damage  at  a  given  pressure  level  then 
large  oil-storage  tanks.  There  Is  Insufficient  data  to  plot  a  damage -distance  relationship  for 
tanks  of  the  type  Investigated  In  this  report.  However,  examination  of  the  data  Indicates  that 
light  damage  Is  to  be  expected  between  air  overpressures  of  3  and  10  psl. 

100  MT 
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Figure  5.4  Uaia  for  Structure  3.1.1  plotted  on  curves  entitled 
"Severe  Damage  to  Various  Structures  Primarily  Overpressure- 
Sensitive  by  Surface  Burst  of  Various  Yields"  from  Reference  8. 

5.3.3  Station  3.1.1  (Item  26,  Three-story  Blast-Resistant  Buildings).  The  response  of  this 
structure  allowed  a  limited  comparison  of  observed  with  predicted  damage.  However,  predicted 
damage  is  based  on  the  effeett.  from  Jlt.gle  shots  while  the  structures  In  question  were  subjected 
to  many  shots.  The  severe-damage  curve  labeled  "Blast  Resistant,  F«lnforced-Concrete  Build¬ 
ings"  shown  ou  Page  7-45  of  Reference  8  was  used  for  comparj-  g  predicted  with  observed  re¬ 
sponse.  This  comparison  can  be  seen  in  Figure  5.4.  Here  the  fb.'’erv-d  responses  for  the  various 
shots  are  plotted  on  the  prediction  curve.  The  curve  labeled  "Blast  Resistant  Reinforced  Con¬ 
crete  Bldgs"  has  an  Indicated  34  psl  at  its  lower  end.  The  upper  end,  although  not  labeled,  de¬ 
creases  to  32  psl  for  the  greater  yields  and  ranges. 

The  curve  predicted  something  less  than  seve.ce  damage  for  Shots  Walnut  and  Elder  alone. 
Severe  dar>age  Is  defined  as  the  collapse  of  the  first  floor  columns  of  the  building.  Shot  Walnut 
caused  ■  columns  of  the  first  floor  of  Building  No.  S  (the  concrete  structure  with  windows)  to 
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displace  laterally  about  one  loot,  thereby  greatly  weakening  the  structure.  It  can  be  assumed 
that  a  slight  additional  load  would  have  caused  collapse  of  the  columns.  Shut  Elder,  which  had 
about  the  same  Input  pressure  as  Walnut,  provided  the  force  necessary  to  cause  collapse  of  the 
first  floor  columns. 

Since  none  of  the  blast-resistant  steel  buildings,  the  concrete  building  v'llhuut  windows,  and 
the  shear-wall  building  underwent  severe  damage,  the  damage  curve  as  used  also  appears  rc.^- 
sonable  for  predicting  the  response  of  these  structural  types. 

Although  the  roof  of  the  shear-wall  building  collapsed,  the  frame  and  walls  were  only  slightly 
distressed  and  the  building  was  not  considered  to  be  severely  damaged.  The  roof  failure  shows 
the  need  fur  careful  consideration  of  roof  designs.  For  example.  It  was  observed  that  the  line 
of  failure  for  roots  occurred  at  locations  where  main  stress  steel  had  been  terminated;  had  these 
bars  been  continued,  these  failures  may  not  have  occurred. 

5.3.4  Station  1312  (Item  25,  One-story,  Relntorced-Concrete  Building).  This  structure  pro¬ 
vided  the  opportunity  to  record  blast -diffraction  measurements  from  four  different  shots.  It 
was  observed  that  the  predicted  and  recorded  pressures  on  the  front  and  rear  faces  of  the  station 
were  In  close  agreement.  The  observed  and  the  predicted  pressure  curves  along  the  roof  were 
In  rather  poor  agreement,  especially  alter  the  arrival  of  the  vortex.  See  Section  B.2,  Appendbc 
B,  for  a  detailed  discussion. 

5.3.5  Gage  Piers  (Item  28).  Since  several  of  the  piers  failed  from  air-blast  effects  and  one 
did  not,  an  opportunity  was  afforded  to  compare  predicted  response  with  observed  response  for 
diffraction  targets  oriented  at  various  angles  of  Incidence  with  surface  zero.  Even  though  the 
analysis  was  made  assuming  both  the  strength  properties  of  the  materials  and  the  air-overpressure 
values  for  the  stations  Investigated,  the  predicted  and  the  observed  response  were  In  close  agree¬ 
ment.  See  Section  C.4,  Appendix  C,  for  a  detailed  discussion. 

5.3. 6  Miscellaneous  Damage.  The  n.any  support-type  structures  located  at  the  various  sites 
were  exposed  to  a  wide  range  of  overpressure.  The  heavily  relnforced-concrete  structures 
located  at  the  end  of  Site  Tare  were  subjected  to  pressures  over  1,000  psl  from  low-yleld  kt 
devices  without  being  damaged.  An  unmounded,  reinforced  structure  (Item  2)  located  on  Site 
Able  was  subjected  to  an  estimated  1,200  psl  from  a  9.3-Mt  device  and  was  completely  destroyed. 

Generators  (Item  23),  located  behind  the  stallui;  complex  (earth- mounded  stai>on)  and  exposed 
to  an  overpressure  of  35  psl,  suffered  severe  damage.  However,  of  particular  Interest  was  the 
striking  evidence  of  the  protection  afforded  objects  sheltered  from  the  air  blast  by  an  obstruction. 
The  fully  sheltered  generator  moved  only  2  feet,  whereas  the  least  sheltered  generator  was 
thrown  60  feet. 
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Chopltr  6 

CONCLUSIONS  and  RECONUF.NDATIONS 


6.1  CONCLUSIONS 

Tlie  objective  of  recording  damage  from  air  blast,  radiation,  and  blast-generated  water  waves 
was  attained.  Detailed  conclusions  are  presented  In  Appendixes  A,  B,  C,  and  D.  The  general 
conclusions  are  that: 

1.  The  peak  air-overpressure  curve  (Figure  5.1)  is  reliable  for  scaled  air  overpressures 
from  0.1  to  350  psl. 

2.  The  peak-ground-acceleration  curve  (Figure  5.2)  gave  reasonable  predictions  of  floor- 
slab  accelerations.  However,  ihu  overall  reliability  of  the  curve  is  uncertain.  Inasmuch  as 
limited  data  were  obtained. 

3.  Radialion  levelfc  inside  shelttrc  ^'.scuss.''d  l.i  Ihiv.  report  were  adequately  predlt  ted  by 
using  a  path-ot-least-reslstance  method  (sec  Appendix  A). 

4.  Radiation  levels  Inside  shelters  were  not  realistically  predicted  using  the  Icast-slant- 
dlstance  concept. 

5.  Thermal  radiation  was  not  a  governing  factor  In  structural  damage  for  exposures  up  to 
1,400  cal/cm^  for  steel. 

6.  Total  thermal  radiation  of  up  to  650  cal/cm^  caused  only  minor  surface  spalling  of  directly 
exposed  concrete. 

7.  Structural  effects  due  to  water  waves  may  be  neglected  for  close-in  structures  designed 
to  withstand  air  blast. 

8.  At  greater  distances,  where  air  blast  is  of  no  great  consequence,  water  waves  munt  be 
considered  In  structural  design  and  planning, 

9.  Light  wood-frame  structures  (camp  buildings)  suffered  severe  damage  from  air  over¬ 
pressures  ranging  trom  1.4  to  3.0  psl. 

10.  Belted-steel,  ground-surface  storage  tanks  (2'^,000  to  30,000  gallons  in  capaciiyi,  luii 
of  liquid,  suffered  only  light  damage  from  overpressuree  less  than  10  psl. 

11.  The  damage-prediction  curve  entitled  “Blast  Resistant,  Relnforced-Concrete  Buildings,  " 
Reference  8,  appears  adequate  fer  predicting  damage  to  thres-story,  blast-res’ -;tant  structures 
of  the  Station  3.1.1  type,  l.e.,  reinforced-concrete  building,  with  and  without  windows;  structural 
steel,  with  and  without  windows;  and  a  reinforced-concrete,  shear-wall  building. 

12.  Reinforcing  steel  In  roofs  of  blast-resistant  structures  should  be  designed  to  provide 
more  uniformity  of  strength.  At  least  one  half  (but  preferably  all),  the  area  of  positive  rel.iforce- 
ment  required  within  a  continuous  or  restrained  se''tlon  of  roof  should  extend  beyond  the  lace  of 
the  suppo'*  for  a  riistanro  of  30  bar  diameters.  At  least  one  half  the  reinforcement  provided  for 
negative  moment  at  the  support  srouUl  be  extended  beyond  the  point  of  inflection  a  dtstancp  Multi- 
cient  to  develop  the  allowable  stress  in  such  bars  or  a  distance  equal  to  the  depth  of  the  member, 
whichever  distance  is  greater.  By  this  procedure,  abrupt  chang  -a  In  the  strength  of  a  member 
would  be  minimised.  Local  failures,  thus,  w\,ul'.'  not  cause  the  tal'.cro  cf  a  whole  roof  section 
before  other  prjrtlons  (of  that  section)  were  overstressed, 

13.  Heavily  reinforced  concrete  structures  (earth-mounded  and  having  5-  to  6-foot-thick 
walls  and  roof  with  clear  spans  up  to  5  feet)  survived  air  overpressures  of  1,000  psi  without 
damage . 

14.  Cbj  cts  located  close  behind  earth  mounds  within  a  distance  approximately  equal  to  the 
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heljht  of  the  mound  received  considerable  protection  from  dynamic  pressures  at  overpressures 
of  3S  psi  an'*  lower. 

15.  Exposed  standard  2-inch  and  4-lnch  water  pipes,  Including  standard  rising-stem  valves, 
survived  pressures  up  to  8  psi  without  sign  of  damage. 

16.  For  structures  oriented  so  that  a  line  drawn  through  ground  zero  is  normal  to  the  front 
face  of  the  structure  (zero  angle  of  incidence).  It  was  found  that  the  method  used  In  p.'edictlng 
loading  on  the  front  and  back  walls  of  diffract  Ion-type  structures  provided  results  sufficiently 
realistic  for  design  or  analysis  purposes. 

17.  The  predicted  shape  of  the  overpressure  curve  for  the  roof  of  diffraction-type  targets 
was  not  in  close  agreement  with  measured  results. 

18.  The  method  used  lor  predicting  pressures  on  the  front  and  rear  laces  of  diffraction 
targets  at  various  angles  of  Incidence  with  ground  zero  is  satisfactory  for  design  but  not  for 
analysis  purposes. 

6.2  RECOMMENDATIONS 

1.  It  is  recommended  that  the  path-of-least-reslstance  method  (Appendix  A)  be  adopted  for 
use  in  predicting  radiation  within  structures. 

2.  The  present  method  available  for  predicting  pressures  on  the  front  and  rear  faces  of  dif¬ 
fraction  targets  oriented  at  a  zero  angle  of  incidence  le  ".dcqucte  and  is  recommended  for  design 
and  analysis  purposes.  The  present  method  of  predicting  root  pressure  sbuu'id  be  used  until  a 
better  method  Is  determined. 

3.  Additional  high  explosive  and/'o.  o.Aoek-tube  experiments  should  be  perforn.ed  to:  (1)  de¬ 
termine  a  more  realistic  overpressure  distribution  along  roots  of  diffraction-type  targets;  and 
(2)  determine  the  pressure  distribution  on  the  front  and  back  faces  of  these  targets  when  oriented 
at  various  angles  of  Incidence  with  ground  zero. 

4.  Continuous  beams,  slabs,  or  walls  of  blast-resistant  structures  should  be  designed  for 
greater  uniformity  of  strength  throughout  their  span.  Any  abrupt  changes  In  the  strength  of  a 
member  Invite  local  failure  which  can  cause  the  whole  member  to  fall  before  other  portions  of 
the  member  are  seriously  distressed. 
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Appendix  A 
NUCLEAR  RADIATION 


By  Edwin  S.  Townsley,  Captain,  Corps  of  Engineers,  U.S.  Army  Engineer 
Waterways  Experiment  Station,  Vicksburg,  Mississippi 


A.l  INTRODUCTION 

FUm-badge  dosimeters  were  installed  in  four 
structures  to  obtain  additional  information  on  shield¬ 
ing  against  nuclear  radiation.  The  effectiveness  of 
shielding  is  dete*'mined  primarily  by  the  following 
factors  taken  from  Reference  8:  (1)  distribution  of 
the  energy  of  radiation,  (2)  Intensity  of  the  incident 
radiation,  (:i)  un^le  of  incidencw  of  the  radiation,  (1) 
mass  of  tlie  shielding  material,  and  (S)  geometry  of 
the  shielding. 

The  first  three  of  these  are  funcUoit^  viis.  iudia- 
tion  itself  while  the  last  two  are  functions  of  the  pro¬ 
tective  shelter.  Therefore,  to  better  understand  the 
problem  of  shielding,  a  brief  review  of  what  Is  known 
about  radiation  and  how  the  structure  affects  radiation 
will  be  given. 

A. 2  THEORY  OF  RADIATION 

Since  the  purpose  of  this  discussion  Is  to  point  out 
the  uncertainties  involved  in  making  computations  of 
shielding  against  radiation,  the  discussion  will  center 
primarily  on  Initial  gamma  radlatlonv  The  uncertain- 
ties  arising  in  considering  neutron  and  residual  radi¬ 
ation  are  no  less  formidable.  The  following  definition 
of  flux  as  pertains  to  nuclear  radiation  is  taken  from 
Reference  14: 

**The  flux  of  any  type  of  radiation  is  ihe  total  num¬ 
ber  ot  particles  per  unit  area  and  per  unit  time  arriving 
at  a  particular  puint  from  all  directions  and  at  all 
energies.  The  unscattered  flux  is  that  portion  of  the 
total  flux  which  arrives  directly  at  the  point  in  ques¬ 
tion  from  the  source,  without  having  suffered  any 
previous  colllsioiis.  1  he  uii&caUercu  flu:;  is 
directional  if  the  source  ot  radiation  is  a  point. 

It  is  possible  to  write  an  equation  for  the  unscattered 
flux  at  a  target  in  terms  of  the  intensity  of  the  (point) 
doui'cc,  d*?tarce  oeiwoen  cource  and  tnraet  and  the 
mean  free  path  in  the  uniform  homogeneous  medium 
in  which  both  the  target  and  source  arc  assumed  to  be 
located.  This  equation  becomes  less  accurate  as 
approximations  are  added  to  account  for  the  contribu¬ 
tion  of  scattered  flvix,  size  and  distribution  of  energy 
in  the  source,  an.-  ’.he  lack  of  uniformity  and  homoge¬ 
neity  in  the  rn^dium  (Including  both  the  hydrouyiiitniiv. 


effect  and  the  air-earth  interface).  Tho-^efore,  it  is 
obvious  that  tiicre  are  considerable  uncertainties  not 
only  as  to  the  intensity  of  radiation,  but  also  aa  to  the 
distribution  of  the  energy  and  the  angle  of  Incidence  of 
the  radlati'^n  at  the  exterior  surface  of  the  structure. 

A. 3  STRUCTURAL  SHIELDING 

.\8  V  as  noted  in  Section  A.l,  both  the  mass  and 
geometry  of  the  structure  must  be  considered.  In 
determining  the  attenuation  of  rr-diation  with  thickness 
for  various  materials,  the  normal  procedure  is  to 
direct  a  known  radiation  perpendicularly  against  a 
specimen  of  the  material  in  question  and  measure  the 
aiauunt  of  radiation  on  the  other  side  of  the  specimen. 
Therefore  the  geometry  of  the  material  is  assumed 
to  be  ai'  infinite  plane  of  given  thickness,  and  the  radi¬ 
ation  is  monodlrectlonal,  assumed  to  be  monoenergetlc, 
and  normal  to  the  uurfaco  of  the  specimen. 

Thus  the  normal  proccdur-^  for  computing  the  at- 
tenua  ion  to  be  obtained  in  a  structure  is  to  assume 
that  a  monoenergetlc  and  monodlrectlonal  radiation 
strikes  the  surface  of  the  structure  at  an  angle  deter¬ 
mined  by  the  line  of  sight  l><»tween  the  source  and  the 
structure.  The  slant  thickness  of  the  structural  ma¬ 
terial  measured  along  this  line  of  sight  is  used  in 
determining  attenuation.  Work  by  the  National  Bureau 
of  Standards  (Reference  15)  indicates  that  the  shield¬ 
ing  computed  in  this  way  may  be  much  greater  than 
actually  exists  for  concrete  wails  of  more  than  five 
itiches  thickness  and  angles  of  incidence  greater  than 
thirty-five  degrees.  Therefore,  the  problem  of  pre¬ 
dicting  shielding  involves  the  dual  problems  of  deter¬ 
mining  what  radiation  exists  at  the  outside  of  the 
structure  and  of  computing  how  much  of  that  radiation 
passes  through  the  walls  of  the  structure  'f'  Its  interior, 
or,  to  quote  Reference  14: 

"No  generalize^'  treatment  of  the  military  gamma 
shielding  problem,  either  theoretically  or  experimen¬ 
tally  based,  can  be  presented  at  this  Umc.  The  geo¬ 
metrical  configuration  of  a  structure  bears  important¬ 
ly  on  Its  shielding  effectiveness;  the  geometry  of  the 
most  practical  structures  and  of  the  topography  in 
which  they  are  located  cannot  be  simply  described  in 
a  mathematical  sense.  It  is  extremely  difficult  there¬ 
fore  to  compute  the  shielding  effectiveness  wf  u  gWen 
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siruclure  with  any  roai^unable  accuracy.  The  comput;i- 
tional  problem  la  compounded  by  the  general  lack  of 
information  of  th-  distribution  of  radiation  at  the  re¬ 
ceiver  in  intensity,  energy,  and  angle.  Generalizations 
based  on  experimental  measurements  are  equally 
difficult  because  the  uafa  are  limUed  and  distributed 
ovc'  a  variety  of  structural  types,  and  often  lack  in¬ 
terna!  consistency. 

‘'Under  these  cii’c>iii:atances  it  is  felt  that,  at 
present,  the  best  way  to  determine  the  shielding  ef¬ 
fectiveness  of  a  given  configuration  of  materials  is 
to  esti'nate  it  from  experimentally  measured  values 
for  similar  structures  under  similar  conditions.*' 

It  was  because  of  this  statement  that  radiation 
measurements  were  taken  in  a  variety  of  structures. 

But  this  method  of  determining  the  shielding  Is  not 
adequate  for  the  engineer  who  faces  the  problem  of 
designing  a  structure  to  protect  its  contents  from  all 
weapon  effects.  Accordingly,  for  purposes  of  predict¬ 
ing  the  shielding  offered  by  a  structure,  a  somewhat 
different  approach  was  taken. 

A. 4  PREJICTION  MLTmODS 

A. 4.1  Slant  Thickness.  The  conventional  method 
of  computing  shielding  is  to  determine  the  thic^- 
of  the  material  of  the  structure  along  the  line  of  sight 
to  the  source.  TheiiC  thicknesses  can  be  transformed 
into  attentuation  factors  by  reference  to  numerous 
available  charts.  In  this  study  the  charts  in  TM  2Z- 
200  (Reference  8)  were  used. 

A. 4. 2  Path  of  Least  Resistance.  Generally,  it  has 
been  observed  that  radiation  inside  structures  is 
greater  than  could  be  explained  on  the  basis  of  slant- 
thickness  computation.  It  has  long  been  recognized 
that  the  radiation  inside  a  structure  may  be  much  high¬ 
er  lhar.  anticipated  due  to  the  admittance  of  radiation 
through  the  entranceway.  To  mal;e  some  estimate  of 
this  effect,  and  to  attempt  to  account  for  the  weakness 
of  the  slant-chlckncss  method  found  by  the  National 
Bureau  of  Standards,  the  following  assumptions  and 
approximations  were  made: 

1.  In  regions  of  high  flux,  where  shielding  is  a 
problem,  radiation  is  assumed  to  be  essentially  direc¬ 
tional  along  the  line  of  sight  in  its  properties.  (An  in¬ 
dication  of  the  validity  of  this  assumption  will  be  found 
in  Section  A. 6. ) 

2.  Where  this  directional  mn'^t  turn  ap¬ 

proximately  90  degrees  to  enter  the  shelter,  liic  flux 
is  reduced  to  Vjs  of  its  llne-of-sight  intensity.  (This 
figure  was  arii'.vjd  at  by  observing  that  radiation  in- 
tenr.ltiee  In  foxholes,  where  essentially  a  right-angle 
It..  11  of  radiation  is  required,  vary  from  Vio  to  ol 
the  line-of-sight  intensity.)  if  two  right  angles  or  180 
degrees  must  be  turned,  the  intensity  is  Vjqq  the  line- 
of-sight  intensity  (approximately  Vjj*) . 

Z.  Since  the  foxhole  is  a  box  structure  with  one 
side  open  as  a  “window'*  .o  radiation,  radiation  through 


more  than  one  side  or  “window"  is  assumed  to  be 
additive. 

4.  Where  two  different  shielding.*-,  are  offered, 
such  as  when  a  steel  door  occupies  a  portion  of  a  wall, 
the  attenuations  of  radiation  through  the  two  are  com¬ 
puted  separately,  and  their  contributions  to  tir*  interi¬ 
or  dose  arc  assumed  to  be  in  proportion  to  their  areas 
This,  in  turn,  assumes  that  the  solid  angle  subtended 
by  these  areas  at  the  point  of  inlerest  is  proportional 
to  thoir  areas.  Steel  doors  locaied  to  one  side  of  a 
wall  do  not  satisfy  this  assumption,  but  the  effect  of 
the  door  is  overestimated  and  the  prediction  Is  on 
the  safe  side. 

These  predictions  are  assumed  to  be  valid  up  to  a 
distance  from  the  “window"  equal  to  1V2  times  the 
largest  dimension  of  the  “window. " 

A  r.  RESULTS 

Internal  radiation  predictions  were  made  for  four 
structures  (Stations  560.01,  78.01,  Station  Complex, 
and  3.4)  using  values  of  external  doses  dcternnncci 
from  Reference  8  and  shown  in  Tables  3.1  and  4.1. 

The  attenuation  fucior.s  tor  materials,  i.c.  ,  concrete, 
steel,  soil,  etc. ,  were  also  determined  by  using  Ref¬ 
erence  8.  However,  theye  attenuation  factors  are 
applicable  for  yields  below  100  kt  atul  thcreloro  the 
factors  used  in  this  report  will  be  somewhat  conserv¬ 
ative  since  the  yields  of  most  of  the  weapons  in  ques- 
far  exceed  100  kt.  Both  the  slant-thickness  and  path- 
of-least-reslBtance  j  rediction  methods  were  used. 

In  the  following  computations  the  attenuation  factors 
are  first  determined  and  the  resulting  attenuated  radi¬ 
ation  values  which  are  the  product  of  the  attenuation 
factor  and  the  predicted  external  dose  rre  presented 
in  Tables  A.l  through  A. 4. 

A. 5.1  Station  560.01  (Item  2).  This  wa  •  a  rertantrn- 
lar  box  structure  with  interior  dimensions  cf  25  by  10 
by  9  lect  with  4-foot-thick  walls  and  roof  (Figure  3.5). 
The  wall  facing  surface  zero  for  all  shots  of  interest 
was  shielded  by  an  earth  berm  which  was  three  f*^et 
higher  than  the  structure  (Figure  3.6).  The  berm  was 
six  leet  thick  at  the  top  with  a  vertical  surface  adja¬ 
cent  to  the  structure  and  a  Iwo-on-one  slope  facing 
surface  zero.  This  berm  was  partially  eroded  by 
wave  action  during  Shot  Fir. 

Sir.  ■'C  the  distance  from  surface  zero  was  the  same 
lor  She  s  Fir,  Sycamore,  and  Aspen,  the  shielding 
con.puiUvioas  arc  ihc  same  for  all  three  shots.  rh»‘ 
erosion  of  the  berm  was  not  surveyed  and  has  not  been 
taken  into  account,  thus  'he  ratio  of  observed  to  pre¬ 
dicted  interior  doses  may  be  slightly  higher  for  the 
last  two  shots.  The  computations  are  as  follows: 

Slant-Thickness  Method: 

Geometry!  20  feet  of  earth  and  4  feet  of  concrete. 

Attenuation  Factor  (AF)  for: 

20  ft  of  soil  ^  10 
4  ft  of  concrete  -  1.1  x  10'^® 

Total  A F:  (a  b)  =  1.1  10“®,  essentially  u. 
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TABLE  A.l  PREDICTED  AND  RECORDED  RADIATION  VALUES  FOR  STATION  660.01 


See  Section  A.6.1  for  determination  of  ^ttenuatton  factors  (AF)^ 


Shot 

predicted 

Exterior 

Dose 

Doee  Behind  Door 

Average  Inferior  Doee 

Predicted 
Method  I  * 

Predicted 

Method  lit 

Recorded 

Predicted 
Method  I* 

Predicted 

Method  II  t 

R>)corded 

AF 

Dose 

AF 

Dose 

af 

Dose 

AF  ] 

Doee 

r 

r 

r 

r 

r 

r 

r 

Fir 

7,000 

0 

0 

7  X  lO"* 

49 

24.6 

0 

0 

6.68  X  10"  ‘ 

6.1 

3.0 

Syuamore 

210 

0 

0 

7  X  10"* 

1.56 

0.6 

0 

0 

8.68  X  10'< 

0.18 

0.1 

Aspen 

1,000 

0 

0 

7  X  10-> 

7.0 

21.0 

0 

0 

8.68  X  10'* 

8.66 

3.6 

*  Slant-thickness  method. 

t  Peth-of-least-reaistaxice  method. 

TABLE  A. 2  PREDICTED  AND  RECORDED  RADIATION  VALUES  FOR  STATION 

See  Section  A. 5.2  for  determination  of  attenuation  factora  (AF). 

78.01 

Shot 

Doee  Behind  Door 

Average  Interior  Doae 

_  ,  Predicted 

Exterior  j 

^ .  Method  I  • 

Predicted 

Method  nt 

Recorded 

Predicted 

Method!* 

Predicted 
Method  III 

Recorded 

AF  Doao 

AF 

Doee 

AF 

Doae 

AF 

Doae 

r  r 

r 

r 

r 

r 

r 

Tir 

10,000  —  — 

— 

_ 

— 

0 

O.S  X  10"* 

9.8 

j.O 

Sycamore 

320  ~~  — 

— 

— 

0 

0 

9.8  X  10"* 

0.31 

0 

Aapen 

1,500  0  0 

3.5  X  lO"* 

5.25 

23.0 

0 

U 

9.8  X  lO"* 

1.47 

1.3 

Maple 

—  —  — 

— 

— 

— 

— 

— 

— 

— 

1.21 

*  Slant-thickneaa  method. 

t  Path-of-Ietat-realatance  method. 

%  Radiation  due  to  fallout. 

TABLE  A.3  PREDICTED  AND  RECORDED  RADV 

See  Section  A. 5.3  for  determination  of  atten\iaUon  ! 

I  N  VALUES  FOR  8T> 

.fn  »hF). 

ION 

COMPLEX 

Predicted 
Shot  Exterior 

Doae 

Doee  in  Enlritnceway 

Doae  Beyond  90*Degree  Turn 

Predicted 
Method  I  * 

Predict^ 

Method  lit 

Recorded 

Predicted 
Method  I* 

Predicted 

Method  11 1 

Recorded 

AF 

Doae 

AF 

Doee 

AF 

Doae 

AF  Doae 

r 

r 

r 

r 

r 

Koa  13,000 

0 

0 

4.1  X  10“* 

53.0 

70.0 

0 

0 

2.73  X  10"*  3.6 

4.9 

Yellowwood  600 

0.82 

460 

0.82 

480.0 

130.0 

0 

0 

6.46  X  10"*  32.0 

6.0 

Walnut  4,100 

0.82 

3,370 

0.82 

3,370.0 

875.0 

(> 

0 

6.46X10"’  225.0 

130.0 

Elder  4.100 

0.82 

3,370 

0.82 

3,370.0 

700.0 

0 

0 

6.46  X  10"’  226.0 

44.0 

*  Sltint-lhlckness  method. 

t  Path-of-least-realatance  method. 

TABLE  A. 4  PREDICTED  AND  RECORDED  RADIATION  VALUES  FOR  STATION  3.4 

See  Section  A. 5. 4  for  det«<rmlnaUon  of  attsim'-tfon  fr.ctcrs  (AF'-- 

Shot 

Predicted 

Exterior 

Doae 

Doee  Under  Hatch  Cover 

A 

vorage  inierior  Doae 

Predicted 
Method  I* 

Predicted 

Method  lit 

Recorded 

Predicted 
Meth^^d  1* 

Predicted 
Me.hod  ill 

Recorded 

AF 

Dose 

AF 

Doow 

AF 

AT 

r 

r 

r 

r 

r 

r 

r 

Koa 

7,000 

_ 

— 

— 

— 

— 

0  0 

1.06  X  10"’ 

74.0 

7.3 

Yellowwood 

1,000 

0 

0 

5.46  X  10"’ 

54.6 

6.3 

0  0 

1.06  X  10"’ 

10.6 

0.9 

W'ainut 

6,70*) 

0 

0 

5.46  X  10"’ 

366.0 

375.0 

0  0 

1.08  X  10"’ 

71.« 

41.0 

Elder 

6,700 

0 

0 

5.46  X  10"’ 

366.0 

460.0 

0  0 

1.06  X  10"’ 

71.0 

38.0 

•  Shint-thJ'^Vr.-- ■  -  Tnethod. 
t  Peth-of-IcMi-i-reslsUnce  method. 
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Path'of*  Laaai-Resistance  Method: 

AF  for  one  aide  wall  and  roof: 

4  ft  of  concrete  ^  l.l  x  10“  *  x  2 

1  90-degree  turn  ■  Vtt  x  2 
AF  for  rear  wall: 

4  ft  of  concrete  =  1.1  x  lo"* 

1  180-degree  turn  «  V|oo 

Subtotal  AF  (1  X  2  4  3  X  4)  *=  2.98  x  10"^ 

AF  for  aide  wall  with  doon  (This  wall  Is  not 
only  at  slightly  more  than  90  degrees  to  the  line  of 
sight  but  is  also  in  a  radiation  shadow  caused  hy 
the  berrn.  Thus  the  radiation  must  turn  an  angle 
somewhere  between  90  and  180  degrees.  A  135- 
degree  factor  of  Vim  ^xsQd  here  although  the  full 
180-degree  factor  of  was  used  In  the  ITR.) 

Four  feet  of  concrete  =  1.1  x  10~^ 

Wall-area  factor  (jlJ*  .|)  -  (6  3)  ^ 

25  X  9 

^^-inch  steel  door  =  0.7 
lO  X  3) 

Door-area  factor  ^ - J:;  «  0.08 

(25  X  9) 

13S-de^ree  turn  = 

Subtotal  AF(1  x  2  x  5  +  3  x  4  x  5)  -  5.7  x  10“* 
Total  AF  for  structure  ■  8.68  x  lo“* 

Total  AF  just  behind  the  door  (3  x  5)  *  7  x 
See  Table  A.l  for  a  comparison  of  the  predicted 
with  the  measured  radiation  doses. 

A.S.2  Station  78.01.  This  was  a  buried  concrete 
structure.  The  earth  cover  over  the  roof,  along  the 
side,  a.td  the  surface-zero  side  of  the  structure  had 
been  eroded  since  construction  and  were  of  unknown 
but  appreciable  thickness  (Figure  3.18  and  3.19). 
However,  since  the  walls  and  roof  of  the  struct  . re 
were  so  thick,  it  is  believed  that  no  significant  radi¬ 
ation  entered  the  structure  except  through  the  wall 
and  door  located  at  the  back  side  of  the  sti'ucture. 

The  rear  wall  was  5  V}  feet  thick,  9  %  feet  high,  and 
13  feet  wide  with  a  l*i-inch  steel  door  6  feet  2  inches 
high  and  4  feet  2  V2  inches  wide. 

Since  the  distances  to  surface  zero  were  the  same 
for  all  shots  except  Maple,  the  shielding  calcuIatlMis 
are  the  same  for  all  conditions  except  Maple.  For 
Maple,  the  radiation  was  due  to  fallout  and  no  calcu¬ 
lations  have  been  made.  The  computations  are  as 
follows: 

Slant-Thickness  Method: 

Since  the  slant  thickness  was  so  the  at¬ 

tenuation  factor  determined  by  this  method  predict¬ 
ed  that  no  significant  radiation  l  eached  the  interior 
of  the  structure,  licnce  an  AF  of  zero. 

h— ..*■  T.epst  Resistance  Method: 

AF  for  wall  and  door: 

5  Vj  feet  of  concrete  =  10“^ 

Wall  area  factor  -  0.721 

Vl-inch  steel  door  =  0.7 

4.2  >  8.2 

Door  area  factor  ^  ^ “  0.279 

180-degree  turn  -  o  a  10“^ 


Total  AF  (a  X  b  X  e  +  c  X  d  X  e)  9.8  X  lO”^ 

Total  AF  behind  door  (c  x  e)  =  3-5  x  10"* 

See  Table  A. 2  for  a  comparison  of  the  predicted 
with  the  measured  radiation  doses. 

A. 5. 3  Station  Complex.  This  was  a  buried, 
reinforced-concrete  structure  consisting  of  nif^ny 
components  (Figure  4.3).  The  thickness  of  cover  and 
layout  of  the  structure  were  such  that  the  only  signif¬ 
icant  radiation  was  found  in  the  entrance  tunnel  which 
had  a  Vj-lnch  8t<^el  door  the  full  height  and  width  of 
the  tunnel.  The  tuiinel  made  a  90-degree  turii  within 
a  distance  equal  to  one  and  one*  half  times  the  height 
of  the  door. 

For  Shot  Koa,  ground  zero  was  located  on  the  far 
side  of  the  structure,  and  the  door  was  completely 
in  the  shadow  of  the  structure,  thus  requiring  two  90- 
degree  turns  of  radiation.  For  all  other  shots  of  In¬ 
terest,  the  door  faced  surface  zero  and  thus  the  com¬ 
putations  for  slant-thickness  and  path-of-least-resistance 
methods  were  identical.  The  computations  are  as 
follows: 

Slant-Thickness  Method: 

The  slant  thickness  tor  the  Shot  Koa  geoiretry 
resulted  in  an  attenuation  factor  that  predicted  no 
significant  radiation  wilhin  the  station. 

For  the  other  shots,  the  AF  for  the  entrance 
was  the  same  as  that  determined  by  the  path-of- 
least-resistance  method  while  the  AF  for  the  area 
beyond  the  90-degrce  turn  was  negligible. 

Patli-of-Least-Resiatance  Method: 

AF  for  Koa  only,  Entranceway: 

Vj-inch  steel  door  »  0.82 

180-degree  turn  »  5  x  10“^ 

Total  AF  (ax  b)  *  4.1  x  10“* 

Area  beyond  DO-degree  turn: 

90-degree  turn  =  V15 
Total  AF  (a  X  b  X  c)  «  2.73  x  10"^ 

AF  for  all  other  shots,  Entranceway: 

ToUl  AF  (a)  =  0.92 
Area  beyond  90-degree  turn: 

Total  AF  (axe)  -  5.46  x  10‘* 

See  Table  A. 3  for  a  comparison  of  the  predicted 
with  the  measured  radiation  doses. 

A. 5.4  Station  3.4.  This  was  a  reinforced-concrete, 
box-type  structure  mounded  with  earth,  the  roof  being 
the  top  of  tht^  mn'ind.  The  roof  Ir 

Chen  thick  and  7  hy  7  feet  in  plan  with  a  .-.icrl  h.^trh 
cover  Vj  inch  by  3  feet  by  3  feet  located  in  one  corner 
(Figure  4.24). 

Slnc>  “radiation  wlndov/*  for  :Ms  structure 
was  the  roof,  the  location  of  ground  zero  or  surface 
zero  had  no  effect  on  the  AF  determined  by  either 
method.  The  computations  are  as  follows: 
Slant-Thickness  Method: 

Since  the  slant  thicknesc  was  so  great,  the  at¬ 
tenuation  factor  determined  by  this  method  pre¬ 
dicted  that  no  significant  radiation  reached  the 
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interior  of  the  structure,  hence  an  AP  of  zero. 

Path-oNLeast-Resistancc  Method; 

AF  for  roof: 

30  inches  of  concrete  ■  10'^ 

Roof-»rea  factor  3)  ^  q  gig 

7  >  7 

V]  ^nch  steel  hatch  =  0.82 

Hatch-area  factor  =  0.184 

90-degi'ee  turn  -  Vu 

Total  AF  (a  X  b  >«  e  +  c  d  X  e)  “  1.06  x  10“* 

AF  under  hatch: 

Total  AF  (c  X  e)  =  5.46  x  lo"^ 

See  Table  A. 4  for  a  comparison  of  the  predicted 
with  measured  radiation  doses. 

A. 6  DISCUSSION  AND  CONCLUSIONS 

Comparison  of  the  predictions  shows  that  the  path- 
of-least-resistance  predictions  gave  a  more  realistic 
appraittal  of  interior  dosages.  The  location  and  re¬ 
corded  values  of  the  film  badges  used  lor  the  struc¬ 
tures  is  shown  in  Tables  3.2,  3.3,  4.2,  and  4.3.  The 
following  observations  were  inude  from  a  8iuu>  uf 
the  referenced  tables: 

(1)  In  Structure  560.01,  Film-badge  F,  which  is 
on  the  wall  opposite  the  door,  showeu  iiigntsi-  doses 
for  all  shots  than  any  other  interior  badge. 

(2)  In  Structure  78.01,  Film-badge  J,  also  located 
on  the  wall  opposite  the  door,  showed  the  highest  dose 
for  Shot  Aspen. 

(3)  In  Station  78.01,  for  Shot  Maple,  where  the 
source  of  radiation  was  fallout,  tlie  film-badge  re¬ 
cordings  for  all  badges  were  very  uniform. 

(4)  In  the  Station  Complex,  the  nredicted  doses 
using  the  path-of-leaat-resistance  method  are  all  too 
high.  However,  two  points  should  be  noted:  first, 
the  attenuation  around  the  90-degree  turn  inside  the 
structure  is  of  the  right  order  of  magnitude;  and  sec¬ 
ond,  all  devices  were  shielded  with  180-degree  con¬ 
crete  shields  or  10-foot  water  shields.  The  effect  of 
these  shields  on  dose  rates  Is  not  known  to  the  author. 

(5)  In  Station  3.4,  Film-badge  B,  which  Is  the 
closest  interior  film  badge  to  the  door,  shov.ed  the 
highest  dose,  and  Film-badge  A  in  the  hatchway  .show¬ 
ed  even  higher  doses. 

(6)  The  predictions  for  Station  3.4  from  Shots 
Yellowwood,  Walnut,  and  Eider  were  more  nearly  in 
agreement  with  observed  dosas  than  predictions  for 
the  same  shots  for  the  Station  Complex. 

Observations  fl),  and  (5)  above  tend  to  cordirm 
Um  assumption  that  i  adlation  follows  the  line  of  sight 
through  a  radiation  window. 

Observation  (4)  and  the  generally  frir  predictions 
for  all  structures  tend  to  confirm  the  assumption  of 


attenuation  for  90-degree  turns. 

Observation  (6)  may  be  explained  by  noting  tluit  the 
radiation  window  for  Station  3.4  is  horizontal  sc  that 
fallout  and  residual  radiations  may  contribute  more 
significantly  to  the  observations  than  they  do  in  the 
Station  Complex. 

Observation  (3)  indicates  that  the  90-degree  atten¬ 
uation  is  not  valid  for  residual-radiation  predictions. 

It  should  be  noted  that  doses  were  recorded  in  the 
same  location  by  several  mutually  perpendicular  Him 
badges.  The  effect  of  film-badge  orientation  was 
small.  These  film  badges  are  sensitive  to  both  gam¬ 
ma  and  neutron  radiations,  and  to  both  initial  and 
residual  radiations.  It  is  not  possiblo  to  determine 
how  much  each  of  these  contributed  to  the  doses  re¬ 
ported.  Since  the  weapons  consideied  and  the  range 
at  which  observations  were  taken  were  relatively 
large,  it  is  assumed  that  neutron  radiation  is  not  a 
large  percentage  of  the  total,  leas  than  20  percent. 

None  of  the  structures  were  In  regions  of  high  fallout 
except  as  noted  for  Station  78.01. 

The  path-of-least-resistance  method  contains  a 
numh'>r  of  approximations  for  whlob  ftroater  refine¬ 
ments  are  possible.  Among  these  is  the  assumption 
that  all  the  radiation  is  monodirectlonal  along  the 
line  of  sight,  and  therefore  all  radiation  must  turn  the 
dO-degree  angle.  The  actual  distribution  of  radiation 
at  various  ranges  from  the  source  has  been  the  sub¬ 
ject  of  such  studies  as  that  reported  in  Reference  16. 
Another  Is  the  assumption  that  tbo  parts  of  a  window 
contribute  to  the  total  radiation  in  proportion  to  their 
area.  It  ia  stated  in  Reference  17  that  the  effective 
contribution  of  each  portion  of  the  window  is  taken  as 
proportional  to  the  solid  angle  subtended  at  the  point 
of  interest  by  the  portion  of  the  window  being  consid¬ 
ered.  It  is  believed  that  refinements  such  as  these 
do  not  add  sufficiently  to  the  accuracy  of  the  prediction 
to  warrant  their  inclusion  In  a  predictlr'*' 
that  an  engineer  would  use  in  designing  a  structure. 

A. 7  RECOMMENDATIONS 

It  is  recommended  that  the  path-of-least-resistance 
method  be  used  by  engineers  to  predict  initial  radia¬ 
tion  when  designing  structures  to  resist  the  effects 
of  nuclear  weapons  and  for  determining  structural 
and/or  construction  requirements  to  provide  adequate 
radiation  protection.  When  designing  protective  struc¬ 
tures  for  which  tho  point  of  burst  is  unknown  (which 
will  goiierully  jc  tniC  e.xuupt  al  IIj'j  Nuv;iila  iuid  Er»l- 
wetok  Proving  Oroimds).  it  should  be  ais:;urned  that 
the  radiation  window  fares  the  point  of  burst. 
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Appendix  B 

DIFFRACTION  LOADING  of  STATION  1312 


Station  ISU.  a  massive,  reinforced-concrete  struc- 
tvire,  shov^it  In  Figure  4.32,  made  an  excellent  target 
for  a  blast-diffraction  study.  Consequently,  five  self- 
lecording,  air-blast  gages  were  installed  by  personnel 
from  BRL.  The  gages  were  placed  flush  with  the  front 
face,  the  roof,  and  the  rear  face  of  the  station.  Pres¬ 
sures  were  recorded  for  Shots  Yellowwood,  Tobacco, 
Walnut,  and  Elder.  The  gage  geometry,  Including 
the  plan  and  elevation  for  the  station,  Is  shown  in  F*^- 
ure  B.l. 

C.l  PREDfCTION  METHODS 

The  general  methods  set  forth  In  Reference  18 
(which  were  derived  mainly  from  shock-tube  studies) 
were  used  In  predicting  the  pressure  on  the  front  face, 
roof,  and  back  face  of  the  structure.  However,  pressure- 
decay  curves  both  for  side-on  and  dynamic  pressures 
as  presented  in  Reference  8  (TM  23-200)  were  used  in 
predicting  pressure-time  relationships. 

The  free-field  overpressure  and  duration  measure¬ 
ments  from  Station  174.28,  located  adjacent  to  Station 
1312,  were  used  in  predicting  the  diffracted  pressures 
on  the  structure.  In  this  manner  a  more  reliable  In¬ 
put  value  of  pressure  was  obtained  since  the  predicted 
values  shown  in  Table  4.1  were  slightly  lower  than  the 
measured  free-field  values.  The  free-field  pressure 
measurements  are  presented  in  Table  4.4.  Where 
duration  values  were  not  available,  the  predicted  val¬ 
ues  were  used.  Since  the  time  of  the  preparation  of 
this  appendix,  the  value  for  the  free-field  overpressure 
for  Shot  Elder  at  Station  17^.28  has  been  revised  and 
is  now  71  psi  (see  Table  4.4)  rather  than  the  65  pst 
as  used  in  the  calculations  for  the  diffraction  study. 

Since  the  difference  is  slight,  the  values  in  Figure 
B.5  have  not  been  changed  to  reflect  the  increase  in 
measured  pressure. 

B.2  RESULTS  AND  DISCUSSION 

The  recorded  and  predicted  pressure  plots  for  the 
vp.i*.  •  g;;;,?  for  Shots  Yellowwood,  Tobacco, 

Walnut,  pjid  Elder  are  shown  In  Figure.'  B.2,  3,  4, 
and  5,  respectively. 

The  predicted  arrival  time  of  pressure  at  the  var¬ 
ious  gages  was  in  close  agreement  with  the  measured 
values  where  a  comparison  of  these  values  was  possi¬ 
ble. 

It  was  observed  that  th.9  predicted  and  recorded 


pressures  on  the  front  face  of  the  structure  v.ere  in 
close  agreement;  however,  the  predicted  pressures 
were  slightly  greater. 

The  peak  values  for  the  recorded  pressures  r/i  the 
roof  were  very  close  to  the  predicted  values  except 
for  Record  S-C,  Shot  Walnut.  It  was  also  observed 
that  the  vortex-action  effect  on  the  measured  pressure 
did  not  cause  as  great  a  decrease  In  pressure  as  the 
predicted  plot  Implies;  but  the  recorded  duration 
shows  that  the  vortex  lasted  for  a  longer  period  of 
time.  It  was  also  observed  that  the  greater  the  pres¬ 
sure,  the  greater  the  strength,  and  the  longer  the  du¬ 
ration  of  the  vortex. 

The  predicted  and  the  recorded  pressures  on  the 
back  face  of  the  structure  were  in  close  agreement; 
the  predicted  pressure  values  were  consistently  slight¬ 
ly  lower. 

The  predicted  durations  for  the  free-field  overpres¬ 
sures  were  in  very  close  agreement  with  the  measured 
values. 

B.3  CONCLUSIONS 

The  methods  used  in  predicting  the  load  on  the 
front  and  back  walls  of  diffraction-type  structures 
oriented  at  a  zero  angle  of  incidence  provided  results 
sufficiently  realistic  for  design  or  analysis  purposes. 
The  predicted  front-wall  pressures  were  higher  and 
the  predicted  back-wall  pressures  were  lower  than 
the  measured  values,  resulting  in  the  prediction  of  a 
conservative,  net-lateral  load  which  is  greater  than 
the  measured  load. 

The  predicted  pressures  on  the  roof  were  in  least 
agreement  with  the  recorded  results.  The  records 
indicate  that  the  vortex  action  lasted  for  a  longer  period 
of  time  than  predicted  and  that  the  maximum  pressure 
decay  was  not  as  great  as  predicted.  It  was  also  ob- 
t-'rved  th?.t  the  vortex  action  is  extremely  sensitive 
to  pressure  level.  These  few  recortJs  Indicate  that 
additional  shock-tube  study  ir  needed  for  the  purpose 
of  revising  prediction  methods  for  determining  pres¬ 
sures  on  t  le  roof  of  diffracticii  structures.  However, 
the  present  prediction  method  for  determining  roof 
overpressure,  even  though  conservative,  is  satisfac¬ 
tory  for  design  pur])oSdB  until  a  better  method  is  de¬ 
vised. 

The  wide  range  of  pressure  values  presented  in 
this  study  should  enable  designers  to  proceed  with  a 
reasonable  degree  of  confidence  when  designing  blast- 
resistant,  diffraction-type  structures. 
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Figure  BA  Measured  and  predicted  pressures  for  Station  1312,  Shot  Walnut, 
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Figure  B^f)  Measured  and  predicted  pressures  for  Station  1312»  Shot  Elder. 
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Affendit  C 

RESPONSE  of  aHfif  PfERS  to  BLAST  LOADS 


$:ation8  V'.u-B,  C,  D,  and  F  on  Site  Janet  offered  an 
Oi.'portunity  to  compare  predicted  with  observed  re'- 
rponae  of  reinforcod-concrete  tt&se  piers,  hereinafter 
iii.so  called  beams,  oriented  at  various  angles  of  Incl- 
leiice  with  surface  aero  and  located  at  various  pi'cssurc 
levels.  Stations  20-B.  C,  and  F  were  cracked  through 
at  the  base  (see  Figure  4.71)  by  the  air  blast  from  Shot 
Walnut;  however,  neither  Shot  Walnut  nor  Fldet  dam* 
aged  Station  20*F.  Since  the  length  of  the  pier  w.'t- 
;^roater  than  5  feet  it  was  analysed  ao  a  diffraction 
target  according  to  Heforcncu  18.  A  typical  pier  and 
structural  details  can  be  seen  in  Figure  4.69.  The 
estinuited  pressures  received  by  the  four  stations  at 
the  various  angles  of  incidence  from  ground  zero 
shovm  in  Taole  C.l.  The  angle  of  incidence  is  the 
angla  formed  by  the  InU-rsection  of  a  line  fiom  ground 
zero  and  the  normal  to  the  front  face  of  the  structure. 

Since  information  on  the  strength  properties  of  mu* 
terial  is  necessary  in  predicting  structural  response, 
the  stiosa-strain  relations  for  steel  and  concrete  used 
in  the  gage  piers  have  been  assumed  and  are  shown  in 
Figures  C.l  and  C. 2,  respectively.  The  compressive 
stress  for  the  concrete  was  specified  as  2,000  ,  si  when 
the  pier  was  constructed;  howvver,  it  is  a88umc<l  that 
age  has  increased  the  strength  to  at  least  3,000  pst. 

The  reinforcing  steel  was  of  intermediate  grade  and  a 
typical  curve  has  been  drawn  to  represent  the  stress* 
strain  relation  of  the  V;  “inch  bars  used  in  the  piers. 

To  sccount  for  the  rapid  loading  by  the  blast  forces, 
the  curves  have  been  increased  by  30  percent  as  shown 
by  the  dotted  lines.  The  first  of  the  following  analyses 
uses  design  strengths  of  materials  under  static  condi* 
tions  while  the  second  considers  the  ultimate  capacity 
of  the  system  under  dynamic  conditions.  Notations  as 
used  are  listed  at  the  end  of  this  appendix. 

C.l  STRUCTURAL  ANALYSIS  UrTNC.  D.?SIGN 
STRENGTHS 

The  static  desigi;  arialysis,  including  definitions  for 
symbols,  was  made  according  to  practices  set  ferth  in 
Hi'*''  -'H'  *'  /ACI  Code).  A  l  -foot-wlde  section  wis 
aFc:u.'ned  and  the  load  causing  reactions  to  the  cantile¬ 
ver  sections  was  assumed  uniform  and  normal  to  tite 
beam,  see  Figure  C.3.  The  stress  relation  for  the 
design  condition  U  shown  in  Figure  C.4.  The  follow¬ 
ing  calculations  predict  the  net  lateral  pressure  (w) 
that  can  be  applLad  to  the  bc;  in  as  limited  by  moment, 
diagonal  tension,  bearing,  and  bond.  The  values  listed 
were  used  in  the  computations. 


Ag  -  Aj  ^  0.44  ln*/foot 
b  -  12  in. 
d  =  9  in. 
fp  =  1 ,350  psi 
f^  -  3,000  psi 

fg  20.000  psi 

fy  =  47.000  psi 
a  lO 

p  =  p'  =  0.004 
=  ?5o  Dsl 
u  -  300  psi 
V  -  90  psi 
=  2.4  in. 

Determination  of  Neutral  Axis  (NA): 

Take  moment  of  urea  about  NA.  See  Figure  C.4  for 
section  geometry. 

ex'  -  (3  -  X)  (4.<)  -  (9  -  X)  (4.4)  =  0 
x’  .  1.47X  ^  8.4 

X  =  2.32  In. 

Determine  If  moment  is  limited  by  compression  or 
tension.  From  Figure  C.4, 


when 

fc  »  1.3^0  psi  (design  stress) 

,10  (1,350)  (0.09) 

“  ”  2.32 

fg  »  39,000  psi  >20,000  psi. 

Therefore  the  moment  is  limited  by  tension. 
Determine  f^  when  fg  =  20,000  psi 

j  ^  Xfg  ^  (2.32)  (20,000) 

'  n(d-X)  10(6.68) 

=  695  psi 

Use  this  value  when  computing  moment. 
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Moment: 

From  Fijiure  C.4, 

M  =  A-  /;i  -  X/3)  +  fg  Ag  (9  -  X/3) 
since 

ti  = 

f  ~  "f- 

la  V 


n  f,.  (d  -  X  -  6) 
X 


Determine  the  maximiim  shear  (Vj)  on  the  section  as 
governed  by  allowable  shearing  stress  (v). 

-  (V)  (b)  (Jd),  where  Jd  in  this  case  is  8.33 
Vt  =  (90)  (12)  (8.2.1) 

Vj  =  8,890  lb 

Delerndnc  lateral  pressure  (w)  as  governed  by  the 
maximum  allowable  shear  of  8,890  ib.  From  Figure 


0.3, 
w 


720 


then 

M  106.87  fc 
when 

=  699  psi 

then 

M  ••  74,300  In-lb 

D.-ie'-mine  lateral  pressure  (w)  as  governed  by  max¬ 
imum  allowable  moment  of  74,300  In-lb.  From  Figure 

C.J, 

M 


w 


21,600 

then 

w  =  3.4  psl 

Diagonal  •  nHion; 


Bea  ring: 

Since  a  -l-inch  keyway  wus  um  cl,  assume  the  effec- 
‘.ive  ''tew  t»v  Iw  iMiriiCu*  (>^0  -- 

and  750  p»i  ir.  ijutiiijig 

Sb  (36) 

Vb  -  .000  lb 

Determine  lateral  pressure  (w)  as  governed  by  the 
maxinnum  allowable  bearing  load  of  27,000  at  the  key¬ 
way. 

w 

720 

\y  =  38  pel 
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B  o  n  <i : 

Determir  the  maximum  shear  (V^)  on  the  section 
as  governed  by  allowable  bond  stress  (u). 

Vu  =  Sj  (Jcl)  /u) 

Vu  =•  (2.4)  (8.2)  ;300) 

Vu  =  5,900  lb 

Detcrniine  lateral  presaure  (w)  as  govcrnccl  by  the 
tii.ixin'iuin  allowable  shear  of  5,900  pounds. 

w  ^ 

720 

then 

w  -  8.2  psl 

From  the  preceding  oulculations  it  is  observed  that 
moment  controls  the  load  for  the  piers  and  therefore, 
.he  design  load  (w)  for  the  piers  is  3.4  psl. 


(1  •>!<>- K)d  ^ 
Kd  ’ 

(l-k'  -K)d 

il-K)d  "  Cy 


Stress  Relation: 

C  =  T,  +  T; 


VjfcKbd  =  p'  bdfi  +  pbdlg 


(C.2) 

(C.:i) 

(C.4) 

(C.5) 


".V 


bd*p'  (l-k'  -K/3)ti  t  bd*p  (1  -  K/3)f„ 

(C.6) 

Prom  Figure  C.l  the  following  stress-strain  rela¬ 
tion  for  steel  was  determined  when  is  less  than 

*dy' 

t„  =  CgE  (C.7) 


C-  VifchX 
Tl  =  IkK 


T,  =  f.A,. 


Figure  C.4  Stress  relationship  for  concrete  section  at  design  strength. 


C.2  BEHAVIOR  OF  CONCRETE  SECTION  UNDER 
DYNAMIC  LOADS 

The  analyses  were  made  according  to  the  general 
procedures  set  forth  in  Reference  20  ox'  cpt  that  dynam¬ 
ic  v.at'wes  were  used  in  place  of  static-strength  values 
for  each  material.  The  behav.*or  of  the  beam  {gage 
pier)  was  first  determined  at  the  yield  strength  and 
secondly  at  the  ultimate  strength  capacity  of  the  sec¬ 
tion.  From  the  values  of  moment  ai  yield  and  ultimate, 
an  Idealized  res*’=t2n'’^  c’jrve  fr.*  ♦*»*'  tvpi,*ni  *u::>Tn  was 
determined. 

C.2rl  Flexural  Behavior  at  Yield.  The  following 
f'comet»**c  relation"  were  determined  .from  the  stress- 
strain  relation  for  the  concrete  section  ut  yield  as 
shown  In  Figure  C.5. 

Strain  Relation: 


(C.8) 

From  Figure  C.2  the  following  stress-strain  rela¬ 
tion  for  concrete  was  determined  when  f^,  is  less  than 
3,00U  psi; 

*c  =  tpEc  (C.9) 

Determination  of  Moment  at  Yield  (My). 
Th'^*  general  moment  equation  (6)  was  used  to  solve 
M^,  Dy  letting  equal  and  by  determining  values 
I’Oi  K  and  By  solving  Kquaiion  L.o  with  the  aiu  <>i 
Equations  C.l,  U.3,  L.v,  l;.«,  and  C.»,  Kwasueiei- 
mined.  Once  K  w-.s  solved,  f^  was  found  by  solving 
Equations  C.3  andc.8.  The  results  are  as  follows: 

K  ^2p'n(l  -  K')  +  2pn  +  n^{p'  +  p)^  -  n(p'  +  p) 

(C.IO) 

when 


C)  ■  ■  «,.  +  £« 


P  =  p'=  0.004 
k'  =  0.67 
n  =  10 
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then 

K  =  0.2G6 

(k  = 

when 


<C.ll) 


=  0.00203  (see  Figure  C.l) 

E  =  30  X  10*  psi 
k*  =  0.67 
then 

=  6,040  psl 

Solve  to  make  certain  that  it  is  less  than  3,000 
psi,  the  upper  llm5t  of  Equation  C.9. 


^  4“  (C.16) 

Uliere:  L  =  60  in 

=  0.256  in 

C.2.2  Flexural  behnvlor  at  Ultimate.  Al  the  ulti¬ 
mate  capjcity  of  the  section  several  conditions  of  steel 
stress  could  exist.  The  first  possibility  that  was  in¬ 
vestigated  asBUmod  that  fg  was  greater  than  and 
that  f^  was  less  than  f^y  when  was  at  ultimate 
strength.  The  ascumption  proved  erroneous  since  the 
strain  value  for  f^  exceeded  the  strain  at  yield.  It 
was  next  assumed  that  both  and  f '  were  greater 


than  f. 


dy; 


How'ever,  for  this  condition,  the  str;jin 


values  showed  that  both  stress  values  were  in  the  yield 


Figure  C.5  Stress  and  strain  relationships  for  concrete  section  at  yield  strength. 


€«K 


-  0.0007 


'c  1  -  K 
fc  =  Cc^c  '  2,100.0  psi 


(C.12) 

(C.13) 


By  substituting  the  appropriate  values  into  Equation 
C.6,  My  was  determined. 

My  -  223.000  in-lb  (CM4) 

Determination  of  Maximum  Curvature 
(^y)  of  Beam-  The  maximum  curvature  of  the 
beam  when  the  moment  is  equal  to  My  was  found  by 
solving  the  following  expressions: 

Mv 


range  for  steel.  It  w'as  evident  that  both  fg  and  f^ 
were  equal  to  f^jy  but  it  was  also  evident  that  the  quan¬ 
tity  shown  in  figure  C.S  >i»ust  be  calculalui  v-ic* 
fully  since  this  value  controlled  the  compressive  area 
of  concrete  as  well  as  the  length  of  moment  arms. 
Therefore,  an  idealized  stress-strain  curve  (fo  » 
60,000  psi;  and  Eq  =  23,800  psi)  as  shown  in  Figure 
C.l  (which  closely  approximates  the  actual  curve)  was 
assumed.  The  stress-strain  relation  for  the  concrete 
section  at  ultimate  capacity  Is  shown  in  Figure  C.6, 
and  the  following  geometric  relations  were  determined: 

Strain  Relation: 


(C.io) 


Where:  ly  =  b(kd)^  +  pnbd’fl  -  K)^  +  p'nbd*(l  —  k*  -  K)* 
i,,  -  2Si.-i  in* 

(ty  =  2.85  X  10'‘  in"' 

Determination  of  Maximum  Deflection 
^'\v)  'If  Yield.  The  maxi .Tium  deflection  of  the 
beuT:.i  al  yield  was  found  by  solving  the  following  ex- 
preseJon: 


<1(1  -k') 

^  ^  <1(1 -k')  -  a 
«s 

StreBB  Relation; 

C  =  T,  +  T, 


(Ci?) 

(C.18) 

(C.19) 

(C.20) 


156 

SECRET 


K|K,|^ba  =  f^p'  bd  +  f^pbd 


Ke  '  23,800  psi 


Mu  =  (d  -  Kja)  (Agfa)  +  d(l  -  k')  -  KjaA|f^  (€-22) 

From  Ute  ideulized  portion  of  the  stress-strain  curve 
shown  in  Figure  C.l,  the  following  expi’esslona  were 
determined: 

fs  =  fo  +  ^s^o 

l'=4  +  c^E(,  (C.24) 

Determination  of  Moment  at  Ultimate 
(My)  .  The  ultimate  moment  for  the  beam  u-as  found 


fg  »  60,650  psi 
Solve  Cg  from  Equation  C. 23, 

eg  =  0.0273  (C,26) 

Solve  a  by  using  Equation  C.17, 

a  =  1.15  in.  (C.27) 

Solve  by  using  Equation  C.19  wnlch  ascertains  that 
the  strain  was  In  the  yield  range. 

€*  ^  0.0063  <C.28) 


C  =  K,K,f4b» 


T.  =  »;a. 


^  « 


Figure  C.6  Stress  and  strain  relationships  for  concrete  section  at  ultimate  strength. 


by  solving  Equation  C.21;  however,  uie  quantities  fg, 
(g,  and  a  were  first  determined  white  f^,  was  assumed 
equal  to  its  ultimate  value.  The  quantity  fg  was  first 
determined  by  solving  Equation  C.21  with  the  aid  of 
Equations  C.17,  C.18,  C.19,  C.23,  and  C.24.  Once 
fg  wae  found,  a  was  determined  by  solving  Equation 
C.17,  and  fg  was  found  by  solving  Equation  C.24.  The 
results  are  as  follows: 


By  substituting  the  appropriate  values  into  Equation 
C.22,  Mu  was  determined. 

Mu  =  290,000  In-lb  (C.2ft> 

Determination  of  Maximum  Curvature 
of  Beam.  The  maximum  curvature  of  the 
beam  when  the  moment  is  equal  to  My  was  found  by 
solving  the  following  expression: 


d*u  ••  3.48  X  10"’  in" 


(CuEq  -  f,)  (1  +  p/p'  -  ?p'k'/p) 


D*  P '  . 

^  +  ^  ^  ‘^  ) 


Determination  of  Maximum  Deflection 
(Ay)  at  L'liimate.  The  maximum  a^iflection  w«“ 
found  by  taking  btaiicai  inoments  of  the  beam  loaded 
with  angle  change'^  which  is  illustrated  in  Figure  C.7. 


fjt  =  3,900  psi 


p  =  p'  =  0.004 


fj  eO.OOy  ,5Sl 


M  a  My,  w  =  13.4  psi  (C.: 

Find  ti.e  section  on  the  beam  where  the  moment  is 
equal  to  My. 

X  a  52.6  inches  (C.: 

Determine  deflection  at  lUid  of  bepm- 
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.Mf  It  ^ 


*  <i'y(10X  +  *^00) 

Ay  =  1.062  inchoR 


(tu(i,2oo  +  lox  -  xVe) 

(C.33) 


C.2.3  Moment -Curvature  Relation.  The  moment- 
curvature  relation  (M  —  <t>)  is  shown  in  Figure  C.8.  The 
idealized  curve  as  shown  by  the  dotted  line  was  tirawn 
to  establish  the  idealistic  ro8i^'•tance  function  of  the 
beam.  The  resistance  fr)  of  the  beam  was  determined 
by  using  the  idealized  moment  and  found  as  follows: 


Mp  =  261,500  in-lb 

W  =  f  =  2^^  (Figure  C,3)  (C.35) 

r  r  *  12.1  psl  (Resistance  of  Beam) 


C.2.4  Shear-Compression  Mode.  The  moment  re¬ 
quired  to  produce  failure  in  the  shear-compression 
mode  wa>j  determined  as  shown  in  Reierence  18  and 
presented  as  follows: 

Ms  -  bd>  (k  +  „p')  ^0.57  -  (C.36) 

where 

k  =V[n(P  +  P')]*  +  2n(p  +  p'  -p'k»)«n(p  +  p*) 

Mjj  «  440.000  in-lb 

Since  this  moment  Is  greater  than  the  moment  deter* 
mined  for  flexural  failure,  it  may  be  assun.  jd  that  the 
critical  mode  is  in  flexure  and  not  In  shear  compres¬ 
sion. 


than  zero  is  not  described.  However,  for  design  pur¬ 
poses  the  reference  recommends  that  tl\ti  method  de¬ 
scribed  for  determining  the  pressure  on  the  back  face 
for  the  zero-angle-oi-incidcnce  condition  also  be  used 
for  conditions  when  the  angle  of  incidence  is  greater 
thd.i  zero.  This  obviously  results  in  a  conr.er/atWe 
estimate  for  the  net  lateral  pressure.  The  pi'ossure 
and  duration  values  shown  in  Table  C.l  were  used  in 
computing  the  curves  shown  in  Figures  C.fi  and  C.IO. 
The  figures  show  the  pressure  on  the  front  and  back 
faces  of  the  pier,  the  net  lateral  pressures,  and  the 
net  idealized  lateral  pressure  which  was  used  in  the 
dynamic  analysis.  A  detailed  plot  of  the  reflected 
pressures  for  both  cases  is  presented  in  Figa.-c  C.ll. 

C  3.2  Natural  Period  of  Vibration.  The  following 
equation  from  Reference  21  was  used  to  determine  the 
natural  period  of  the  beam  for  the  fundamental  mode. 


where 

(njL)^  *=  3.52  (first  mode) 
n®  =  9.78  X  10"^ 

when 

g  «  387  in/sec^ 

Eg  =  3  X  10‘  pal 
I  X  332  in* 

W  «  12.5  Ib/ln  of  beam 
L  =  $0  in 


C.3  DYNAMIC  ANALYSIS 

Since  no  measured  pressures  for  any  of  the  piers 
were  takenp  the  Incident  pressures  were  predicted 
along  with  reflected  pressures  for  the  particular  an¬ 
gles  of  incidence.  Tho  positive  durations  for  pressure 
were  also  predicted  and  are  shown  along  with  tho  other 
values  in  Table  C.l.  From  the  table  it  was  obvious 
that  it  was  necessary  to  construct  only  two  pressure 
diagrams,  namely  for  Stations  20-D  and  20-F  for  Shot 
Walnut.  The  pressure  diagram  for  20-D  gave  the 
minimum  observed  pi'SoSUi  e  Uial  caused  r..l!ure 
the  diagram  for  Station  20-E  nhov/od  the  maximum  ob¬ 
served  prehsure  that  did  not  cause  failure.  After  the 
px'ossure  curves  were  determined  the  piers  were  ana- 
zc  ’.  ;'j  ^oh.jiAre  predicted  response  with  observed 
response. 

C.3.1  Determination  of  Load  on  Piers.  The  pro¬ 
cedure  presented  in  Reference  18  was  used  in  predic¬ 
ting  the  pressure-load  curves  for  Stations  20-D  and 
20-F.  A  method  for  ac  -urately  determining  the  pres¬ 
sure  on  the  rear  face  ui  diffraction  targets  when  the 
incident  pressure  is  at  an  angle  of  incidence  greater 


then 

Tjj  ■  36.6  msec 

C.3. 3  Dynamic  Analysis  of  Pier.  Since  the  dura¬ 
tions  of  the  pressure  spikes  in  Figure  C.ll  wer:.  signif¬ 
icant  when  compared  to  the  natural  period  of  vibration 
of  the  beam,  the  piers  were  analyzed  for  both  the  effects 
from  the  spike  and  the  regular  net  lateral  pressure.  A 
chart  entitled  “Maximum  Response  of  Single-Degree- 
of-Freedom  System  to  Initial  Peak  Triangular  Foixie 
Pulse,”  in  Reference  22,  was  used  in  determining 
die  tranoicut  preasuru  ti-.ul  ••  Ko’-xr-  rr.u 

withstand. 

station  20-D: 

Spike  alone: 

t  ■  0.016  sec  (Figure  C.ll) 

P  ■■=  61  psl  (Figure  C.ll) 

Tj,  =  0.0366  sec 

Ay  =  0.956  in  (Equation  C.16) 

Ay  =  0.062  (Equation  C.33^ 
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Find  ‘‘w"  when  M  =  M^ 


Kind  Motion  on  beam  where 
moment  la  equal  to  My 

-  6wX‘ 


Determine  dqfleotlon  (A^,) 

Take  statical  momenta  of  angle 
changed  atraut  '*0*' 

!  -j-  •  «y  •  2 

0,s(|+3O)  •  <t>y-  (60-X) 


o 


0i:^  +40)(^U-V|'  (60-X)= 


X* 

Au  =  E  -  ^yOOX  +  600)  +  ♦uCl.*®®  “  — e ) 

Figure  C.7  Determination  of  deflection  at  ultimate  capacity. 


a 

3 


H 

z 

a 


CURVATURE 

Figure  C.8  Moment-curvature  diagram  tor  beam. 
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I'SaatSliWIilt 


See  figure  C.ll  for  spike 
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Figure  3.9  Effective  blast  pressure  on  Station  20-D. 


Figure  C  IO  Effective  blast  pressure  on  Station  30-F. 


r  »  w  ■  12.1  pHi  (Section  C.2.3) 


was  very  close  to  failure. 


C.4  DISCUSSION  AND  CONCLUSIONS 

Even  though  the  analysis  was  made  assuming:  both 
the  strength  properties  of  the  materials  and  the  air- 
overpressui'e  values  for  the  two  stations  investigated, 
the  predicted  and  the  observed  response  'ue  in  fairly 
close  agreement. 

However,  there  exists  a  lack  of  data  for  use  in 
determining  re^’iected  front-wall  pressures  us  th-j  an¬ 
gle  of  incidence  deviates  from  7.ero.  There  is  even 
less  dau  concerning  pressures  on  the  rear  faces  of 
such  structures.  Shock-tube  studies  and/or  high- 
explosive  tests  should  be  conducted  to  establish  the 
relation  of  pressure  on  the  front  and  Imck  faces  of 
diffraction  targets  at  various  ariglos  of  incidence. 

If  the  spikes  are  neglected,  the  analysis  predicts 
that  Station  20-D  would  fail,  which  it  did.  The  analysis 
for  Station  20-P  predicts  that  the  pier  was  at  the  thres¬ 
hold  of  failure;  however,  the  pier  did  not  fail.  The 
analysis  predicts  that  both  piers  should  fail  from  the 
spike  loads  alont*. 

It  can  be  obsi'-.  ved  that  the  ultimate  bending  capacity 
of  the  beaiii  andei  dynamic  conditions  is  approximately 
four  times  greater  than  the  bending  capacity  under  stand¬ 
ard  design  strength  ^or.ditlons. 

For  design  purpose;}  ‘.he  method  used  was  satisfac¬ 
tory;  however,  for  unalysis  purposes  refinement  is 
needed. 

C.5  NOTATIONS 

a,  depth  of  stress  block  in  concrete  at  maximum  load¬ 

carrying  capacity 
A3,  area  of  tension  reinforcement 
A^,  area  of  compression  reinforcement 

b,  width  of  rectangular  flexure  member 
C,  total  compressive  force  in  conore**' 

d,  effective  depth  oi  beam  which  is  the  distance  fiom 
the  compression  face  of  the  concrete  to  the  cen¬ 
troid  of  the  tension  steel 
modulus  of  elasticity  of  concrete  in  the  elastic 
region 

Eo>  idealized  slope  of  stress-strain  curve  for  reinforc¬ 
ing  steel  in  yield  region 
Xq,  stress  for  concrete  in  compression 
f(i,  ultimate  compressive  strength  of  concrete  as 
determined  by  standard  test  cylinders 
f^^.,ilvnnmic  idtimnip  pomnmRRivft  Ptrenrth  of  concrete 
stress  tor  steel  in  tension 
fy,  yield  point  of  steel  in  tension 
fjy,  dynamic  yirU  oi  steel 
fj,  defined  in  Figaro  rj 

ly,  moment  of  inertia  of  bnam  cross  section  trans¬ 
formed  to  concrete 

J,  ratio  of  distance  (jd)  between  resultants  of  compres¬ 
sive  and  tensile  stresses  to  effective  depth 
jd,  lever  arm  of  resisting  couple 
k\  a  factor  when  multiplied  by  d  gives  tne  distance 
between  tension  unu  ccmpT'Pssion  rcdnforcemrnt 
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k.  a  factor  when  m^UiplIed  by  d  gives  Uh»  distance 
from  the  c'^mpressive  face  to  the  neutral  axis  of 
transformed  section  (straight-line  theory) 

K].  K2.  coefficients  defining  the  magnitude  and  position 
of  the  internal  compressive  force  in  concrete 
kr.,  ratio  of  maximum  compressive  strength  of  concrete 
in  beam  to  compressive  strength  of  standard  test 
cylinders,  f^ 

M,  any  bending  muinuiit 

Mp,  idealized  bending  moment 

My,  bending  moment  for  shear 'compression  mode 

Mq,  bending  moment  at  ultimate 

My,  bending  moment  at  yield  point 

^1  modular  ratio 

p,  Ag/bd 

p',  AiA>d 

P|f),  maximum  transit  pressure  the  beam  can  withstand 
r,  equivalent  static  resistance  required  tu  a  member 
to  resist  imposed  transient  load 
8^,  allowable  bearing  unit  strers 
t,  duration  of  triangular  lotx^e  pul.sc 
Tj,  totp.l  tensile  tov-.t  In  upper  ro>.forcement 
Tj,  total  tensile  lorce  in  lower  reinforcement 


Ti),  natural  period  of  vibration 

u,  allowable  bond  stress  per  unit  of  surface  area  of  bur 
V,  allowable  shearing  unit  ntress 

shear  governed  by  allowable  bearing  unit  stress 

<Sb> 

Vt,  shear  governed  by  allowable  shearir^  unit  vstress 
(V) 

Vj,  shear  governed  by  allowable  bond  stress  (u) 
w,  uniformly  distributed  load  per  unit  of  length  of 
beam 

X,  depth  of  neutral  axis  from  edge  of  compression  end 
4iq,  maximum  deflection  at  end  of  beam  at  ultimate 
Ay,  maximum  deflection  at  end  of  beam  at  yield 
Kct  strain  in  concrete 

strain  in  steel  at  dynamic  yield  point 
(q,  ultimate  strain  in  concrete 
ty,  strain  in  tensile  reinforcement 

strain  in  compression  reinforcement 
sum  of  perimeters  of  bars 

(^y,  curvature  of  beam  at  yield  point,  in  region  of  con> 
stuiil  moment 

diq,  cciv:*iUx  '  of  berm  at  maximum  load-mrvj  Jng 
capacifv,  in  region  of  constant  moment. 
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Appttiix  D 

WATER -mVE  DAMAGE 


D.l  INTRODUCTION 

Water  waves  (produced  by  surface  or  subsurface 
bursts)  striking  shore  Installations  may  cause  serious 
damage  to  the  components  of  such  installations.  There 
arc  many  variables;  the  interrelationships  involved 
In  predicting  damage  from  wave  action  are  complex 
and  not  well  understood  at  this  time.  The  following 
discussion,  in  accordance  with  this  project's  objec¬ 
tives,  Is  Intended  to  point  owl  certain  salient  features 
concerning  wave  damage  In  this  operation.  A  much 
more  comprehensive  study  devoted  to  water-wave 
terminal  effects  was  made  In  OjKtratlon  Hardtack  uv 
Project  SO.l  (Reference  23)  to  provide  more-adequate 
design  data  on  wave  run-up  and  overtopping  of  shore 
structures. 

D.2  BACKGROUND 

Shot  Baker  of  Operation  Ciosaroads  caused  waves 
which  reached  a  maximum  height  of  7  feet  on  shore 
at  a  distance  of  about  3  V)  miles  from  the  target  center. 
In  the  process  of  eroding  the  beach,  the  waves  dis¬ 
placed  large  slabs  of  beach  rock  several  feet;  these 
slabs  noeasured  up  to  9  by  5  by  1  foot  In  sUe,  Refer¬ 
ence  24. 

Wave  damage  on  shore  had  seldom  been  reported 
in  detail:  however,  numerous  photographs  and  obser¬ 
vations  were  made  by  Holmes  and  Narver  during 
Operation  Castle  (1954)  and  Operation  Redwing  (1956). 
See  Section  1.2.1  concerning  previous  wave-damage 
surveys.  The  following  summaries  set  forth  some  of 
the  major  wave  damage. 

P.2.1  Operation  CssUe.  There  were  numerous 
instances  of  wave  damage  during  Operation  CasUe, 
both  at  close-in  stations  and  those  at  great  distances. 
Shot  geometries  of  Operation  Castle  are  shown  in  Fig¬ 
ures  1.1  and  1.2  lor  Bikini  and  BniweU'k, 

Table  D.i  summarizes  hit  damage.  It  should  also 
be  noted  that  at  many  <'lo8e-ln  stations  the  entrances, 
on  the  lee  side  from  the  blast,  were  blocked  by  sand 
dcoric  left  by  tlie  inundating  wave. 

D.2. 2  Operation  Redwing.  In  Operation  Redwing 
there  were  fewer  large  surface  shots  on  water  and 
therefore  much  less  wave  damage  than  in  Operation 
Castle.  Shot  georsetrles  for  Operation  Redwing  are 
shown  in  Flgur*'«  '.3  and  1.4.  Only  one  close-in  sta¬ 


tion  was  obaerved,  Station  1320,  Site  Dog,  previously 
used  in  Operation  Castle  as  Station  1210.  In  thin  op¬ 
eration,  the  protective  mound  of  sand  was  covered  by 
a  layer  of  auphaltic  mixture  a  few  inches  thick.  Air 
blast  and  waves  from  Shots  fiathead,  T'akota,  and 
Navajo  broke  up  the  asphaltic  layer  but  only  about  2 
feet  of  cover  was  removed  from  the  top  of  the  station 
in  the  three  events. 

Shut  Navajo  was  a  good  wavo  producer.  At  Site 
Nan, 15  miles  away,  there  was  no  indication  of  any 
air-blast  damage;  however,  the  camp  nrea  was  Inun- 
Jhted  au^ine  ''onsiderablo  damage  Frame  s*r..i’ture8 
on  the  lagoon  (DUKW  repair  shop,  rigging  loft,  H&N 
Marine  Department  headquarters)  were  demolished. 
POL  tanks  were  undurminod  and  slightly  moved;  a 
sma'l  (fynamlte  storage  house  was  displaced  75  feet; 
some  of  the  large  latrines  were  displaced  10  to  15 
feet;  and  there  were  numerous  examples  of  lesser 
damage. 

D.3  THEORY 

Wave  damage  to  shore  installations  according  to 
Reference  8  may  result  from  the  following  three 
effects:  (1)  impact  and  hydrostatic  force;  (2)  drag 
force;  and  (3)  inundation.  Impact  from  a  front  of 
advancing  water  or  o  breaking  wave,  te 
the  hydrostatic  pressure  due  to  the  depth  of  water,  is 
sufficient  to  damage  most  onshore  structures  with 
the  excepticn  of  hardened  structures  such  as  those 
which  are  built  at  the  proving  ground.  Drag  forces 
may  displace  medium  sized  structures  or  move  rel¬ 
atively  large  objects  Into  collision  with  a  structure, 
thus  causing  damage.  The  third  effect,  inundation, 
is  due  to  the  long  duration  of  blast-generated  waves; 
the  water  may  reach  a  considerable  distance  Inland 
aitd  large  areas  are  covered  with  water  for  the  period 
of  time  until  the  water  recedes. 

Generally  speaking,  it  is  not  uv.onomix.aHy  ^casiblt: 
to  build  protective  sea  walls  so  high  that  they  will 
never  be  ovei  top  ud  by  waves.  The  wave  phenomena 
are  complex;  howf  ver..  experience  at  the  proving 
ground  has  shown  that  adequate  protection  for  test 
structures  and  facilities  can  be  provided  (see  D.2.1 
and  D.2. 2).  Approximate  maximum  wave  heights  can 
be  predicted  from  Reference  8.  However,  estimates 
based  on  Referenco  6  are  for  constant  depth  of  water, 
i.e. ,  a  bottom  slope  of  zero.  A  more  general  treat- 
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T^BLE  D  1  OBSERVATIONS  OF  WAVE  OAMAQE,  OPERATION  CASTLE 


— 

" 

Shot 

— 

Description 

Site 

Hama 

Damaca 

Range,  leet 

Clofls^n  SUUona: 

Station  191:  Rolnforced'Concrot* 

Oaorga 

4 

Union 

Piar  axpoaad  by  aioaion  of  sand. 

15,430 

^KRO  pi«r,  12  (eat  lonft.  i  Icet 
widt,  and  4  foal  <W«p. 

5 

Yankaa 

Pl«r  dlapItCtfd  approxlmataly  100  feet. 

15.660 

Station  130-OTt  Rainforcad-coucroU 

Gaorga 

4 

Union 

rirr  axpoaad  by  aroalon  of  aand. 

1 5,430 

fag*  nlar,  4  by  4  by  4  fast. 

S 

Yankaa 

Pi^r  diaplacad  approximately  500  faat. 

16,500* 

SUUoiM  1403.07  to  1403.14: 

Oo« 

5 

Yankaa 

All  atationf  diaplacad  conaldarabla 

6,690 

Raintorcad-coocrata  dataetor 

diatancaa- 

7,100* 

•UUoM  (pproxlmouly  7  IMt  loot, 

'?,470 

9  fttt  wtdo,  ind  3  toot  dMp. 

?.»00* 

8,000 

8,280 

8,980 

9,600* 

Station  3.1:  Ralnforcad-coocratn 

CUrlia 

2 

Romao 

Protectiva  mound  waahad  tiway  and 

6,600* 

•ubautrlM  tormtaol  pit  (•Imllar 

footings  undarminad;  laft  atructura 

10  lUm  22,  Chaptor  4). 

Ulted. 

Station  3.2:  Rainforcad-^ont'rata 

DoC 

4 

Union 

Prot»«'ti‘'v  I'^ounH  orodad  comDlatalv* 

7,200* 

aubmarlna  Carmlnal  pit  (aimllar 
to  Itam  22i  Chaptar  4). 

S 

Yaahaa 

Complately  daati  .-yad;  no  tracaa  laft- 

7,400* 

Station  3.3:  Rainlorcad-coacrata 

Gworta 

4 

Union 

Protectiva  mound  aavaraly  arodad. 

15,860 

•ubmariaa  tarmioal  pit  (aimllar 
to  Itam  22,  Chaptar  4)- 

Station  1342:  Ralnforc^-coaerata, 

Gaarpa 

4 

Union 

Sand  arodad  from  around  foundation, 

15,920 

thrM-«tonr  lutruBWBt  Shtlttr, 
>bov«  crouad  uanouixM  <4lmll*r 
to  Item  1,  Chapter  3). 

S 

Yankaa 

vary  llttla  undarminlng. 

16,130 

Station  101:  Rainforoad-con^rata 

0«or(a 

4 

Union 

Protectiva  mound  aavaraly  arodad. 

15,680 

InitrunteBt  (Itelter,  mouixted. 

Stetloia  1210,  1211;  LUf* 

Do* 

4 

Union 

Moundlnt  phrtlhlly  arod*!)  teavlnR 

6,900 

rilBlorood-oonorate  dla(»v4Uc 

eornara  of  tha  building  axpoaad. 

•UUon,  mouiKted  with  approxi- 

Dog 

4 

Union 

Moundlim  complately  arodad;  water 

s,»oo 

mately  10  teat  of  eovar. 

damaga  to  a<|ulpinant  inaldt  tha  atation; 
water  stood  24  inohaa  doap  inalda. 

Dlatant  Siua: 

Station  70:  Raioforcad^concrata 

Nan 

5 

Yankaa 

Water  stood  2  Inchas  daap  inslda  UiO 

84,050 

timing  aUtion. 

ateUoa. 

Station  7400:  Rainforcadoconcrata 

Nan 

5 

Yankaa 

Major  damaga  to  aciantlflc  equlpoiant 

83,800  • 

homing  baacoB  ahaltar- 

by  4  faat  oi  water  inalda  tha  aUUon. 

Tara  Camplax:  SItaa  Oboa,  Pater, 

Tara 

2 

Romao 

An  11-foot  wava  waahod  ovar  tha  com- 

80,000  ‘ 

Roftr,  Sucar,  Tara. 

Complag 

plax  oauaing  damaga  to  cauaawaya 
and  protectiva  barma;  500  faat  of  co¬ 
axial  cabla  wara  axpoaad^  ona  amall 
siruotura  waa  undarmlnad  and 
knockni]  out  of  alignraant. 

4 

Union 

Cauaawaya  warn  aarioualy  damagad; 

59,000* 

tUaru  waa  savara  eroaion  around 
•avaral  atruoturaa. 

Tai'o  c'omplax-  i«itaaOboa,  Petor, 

Tara 

6 

Yankaa 

Cauaawaya  waabad  out;  oiwi  amall  un- 

59.200* 

Rt^gar,  Sugar.  Tara. 

Complax 

moundad  concrata  block  tteuaa  (5  by 
'<  My  7  ft  high)  was  dlaplaiAc^  ^4)1-  xi 
mataly  400  faat. 

Construction  Camp: 

Nan 

4 

Union 

Water  raaohad  moat  of  tha  camp  araa 

83,000* 

and  cauaad  damaga  to  aavaral  of  the 
light  frama  bulldinga. 

5 

Yankaa 

Camp  waa  wracked. 

83,000* 

*  ApfroxlmiUly. 
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mcnt  cf  wa.o-he\ght  prediction  is  given  in  Keferenoe 
23  where  bottom  slope,  reefs,  and  shore  Ilr.es  at 
close-in  ranges  arc  ull  considered. 


D.4  A’AVE  DAMAGE  IN  OPEHATION  HARDTACK 

Wave  damapre  in  Operation  Hardtack  was  not  exten¬ 
sive.  This  was  due  to  the  relatively  low  yields  of  the 
shots  and  the  care  taken  to  prevent  extensive  damage 
from  waves.  The  wave  damage  that  occurred  as  re¬ 
ported  in  Cha  Uors  3  and  4  will  only  be  summarized 
here. 

Close-in  rtations  wore  affected  as  follows; 

1.  Station  Redwing  560.01,  Site  Able  (Item  2);  a 
reinforced-concrelo  shelter  surrounded  by  a  circular, 
sandbagged  berm  9  feet  high.  The  water  wave  (and 
air  blast)  from  Shot  Fir  passing  over  the  island  re¬ 
moved  about  2  feet  of  earth  from  the  berm. 

2.  Station  Redwing  1519,  Site  Able  Htem  4):  u 
reinforced  concrete  pholograpnic  station  approximate¬ 
ly  24  feet  long,  9  leet  wide,  and  T  feet  high, 

an  estimated  50  tons  was  displaced  approximately  11 
feet  by  Shot  Fir. 

3.  Station  78.01,  Site  Charlie  Hieai  o/:  a  ..wil- 
mounded  timing  station  was  undamaged  but  had  its 
entrance  blocked  by  sand  and  debris  us  a  result  of 
Shot  Fir.  This  effect  tended  to  be  repeated  in  later 
events. 

4.  Station  Complex,  Site  Irene  (Item  16)  and  Sta¬ 
tion  1525  (Item  19);  there  was  some  deep  erosion 
around  these  stations  but  no  structural  damage  re¬ 
sulted. 

5.  Station  3.4,  Site  Irene  (Item  22);  a  submarine 
terminal  pit  had  nearly  all  of  its  protective  mound 
eroded. 

6.  Station  1312,  Site  Janet  (Item  25):  a  very  large, 
unmounded,  concrete  structure  was  not  damaged  or 
undermined  although  some  sand  was  eroded  from 
around  the  foundation. 

7.  Landing  pier.  Site  Janet  (Lem  30):  several  of 
its  large  6-foot  concrete  cubes  were  washed  on  shoi'e 
by  waves  from  Shots  Walnut  and  Elder.  The  pre- 
Yellowwood  condition  of  the  pier  is  shown  in  Figure 
4.73;  post-Walnut  is  shown  in  Figure  4.74;  and  the 
final  state,  post-Elder,  is  shown  in  Figure  4.75. 

This  last  figure  also  indicates  the  extent  of  inundation 
on  Janet  due  to  baui  Eider. 

Distant  sites  received  vui7  little  wave  action. 

This  was  mainly  due  to  firing  the  larger-yield  shots 
at  low  tides  and  in  shallow  water.  The  only  notable 
■.vp’-'c  damage  was  at  Site  Elmer  due  to  Shot  Oak.  The 
main  damage  was  to  the  personnel  pier  and  a  pipeline 
discharging  into  the  lagoon.  One  of  the  iater  waves 
from  Shot  Oak  is  shown  striking  the  pier  in  Figure 
D.l.  Damage  could  have  been  mush  more  extensive 
If  protective  berirs  had  not  been  placed  around  shore- 
side  installation.s 

The  prote>.  ktun  offered  by  a  sandbag  berm  is  iilas- 
trated  in  Figures  D.2,  3,  4,  and  5.  The  equipment 


shown  in  these  figures  was  a  vital  link  in  the  electri¬ 
cal  distribution  system  for  Sites  Elmer  and  Fi'od. 

D.5  DISCUSSION 

Two  facts  observed  in  past  operaiioup  "i  the  prov¬ 
ing  groumis  wore  once  a^ain  dnmonstruled  during 
Operation  Hardtack: 

1.  Generally,  close-in  structures  which  suivived 
air-blast  effects  received  no  appreciable  damage  from 
water  waves;  however,  erosion  was  sometimes  exten¬ 
sive. 

2.  Distant  sites  (several  miles)  suffered  wave 
action  trom  the  larger-yield  device*'  ranges  where 
air-blast  damage  was  small  or  negligible. 

Close-in  structures  which  are  designed  to  survive 
high  blast  pressures  are  not  susceptible  to  wave  dam¬ 
age  since  close-in  sir  blast  is  much  more  severe  than 
water-wave  impact  and  drag  forces-  In  designing  for 
air  blast,  the  prevention  of  flooding  of  a  station  during 
im-.nd»tion  should  l>e  considered.  The  only  closo-lr, 
effect  from  waves  on  large  structures  seems  to  be 
erosion  and  vhis  only  becomes  a  serious  concern  after 
Keveru)  events,  particularly  when  there  is  no  opportu¬ 
nity  betweert  shots  U»  replace  protective  cover. 

As  distance  from  ground  zero  increases,  the  peak 
overpressure  attenuates  very  rapidly.  For  pressures 
in  the  range  of  1  to  1,000  psl,  pressure  is  Inversely 
pr(H>ortional  to  the  power  of  range. 

p  ... 

Where:  P  «  peak  side-on  pressure,  psi 
W  »  yield,  kilotons 
R  *  range,  kilofa  t 

Water  waves,  however,  scale  in  a  different  fashion. 
For  a  wave  moving  in  open  water,  the  crest  height 
(height  above  tide  stage)  is  inversely  proportional  to 
the  range.  For  shallow  water  conditions,  the  relation¬ 
ship  of  the  variables  can  be  expressed  approximately 
by: 


He  **  K 


Where; 

K 

W 


•1 


R 

=  crest  height,  feet 
B  a  constant  generally  less 
=  yield,  kilotons 
«  dep’4»  *<l  Rv»*race  zero,  feet 


R  =  range,  kilofeet 


1 


The  major  characteristic  of  the  blast -generated 
water  waves  that  reach  intermediate  range  and  dis¬ 
tant  sites  is  their  long  period.  The  height  of  these 
waves  is  not  large,  in  fact,  storm  waves  are  often 
higher.  Howover,  the  long  period  of  these  wave& 
causes  water  to  continue  to  "pile  up’*  at  the  shore 
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Pigur*  D.l  Wkv*  action  »•  tiM  poraoniMl  ptar  from 
Shot  Oak,  Sita  Elmar. 


Figure  D.2  Tranaformar  atatloo  prior  to  wave  arrival. 
Shot  Oak,  Site  Elmar. 


Figure  0.3  Tranaformer  atatloo,  Orat  wave  atrlUng  the 
lagoon  ahoro.  Shot  Oak,  Site  Elmer. 


Figure  D.4  Tranaformar  atatloo,  flrat  wave  moving  onahore; 
the  start  oi  Inundation.  Shot  Oak,  Site  Elmer. 
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line  80  that  water  runs  Inland  to  great  distances.  Pro- 
u-^ctivc  WO'  Us  can  dissipate  much  of  the  energy  of  the 
wafer  on  shore  but  flooding  of  large  land  areas  cannot 
he  prevented. 


works  ofler  reasonably  adequate  protection  againel 
Impact  and  drag  effects  by  dissipating  wave  eneigy. 
The  long  period  of  blast-generateu  waves  makes  pro¬ 
tection  from  inundation  very  dlfflcuH.  Inundation  and 


Figure  D.5  Tranaformer  station  after  wave  action 
ceased  and  wster  subsided.  Snot  Oak,  Site  Elmer. 


D.6  CONCLUSIONS  AND  RECOMMENDATIONS 

Structural  effects  due  to  water  wa  v  *:o  neg¬ 

lected  for  cloae-in  structures  designed  to  withstand 
air  blast. 

At  greater  distances,  where  air  blast  is  of  no  great 
consequence,  water  waves  must  be  considered  In 
structural  planning.  The  standard  shore-protection 


floodirig  I'Wk  cannot  be  prevented  may  be  provided  for 
In  design  of  facilities  by  waterproofing  vital  equipment 
and  by  making  doors  seal  tightly.  One  structural  fea¬ 
ture  that  has  shown  its  usefulness  is  the  provision  of 
proper  drainage  ior  a  station,  1.  e.,  eliminating  sunken 
floors  and  sills  that  trap  water,  and  having  floors  slope 
toward  the  entrance,  so  that  any  water  that  gets  into 
the  station  can  be  readily  drained  out. 
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Dlv.,  Wachington  25.  D.C.  ATTN:  SlGRD-4 

14  Chief  of  Tnnsportation,  D/A,  Office  of  Planning  and  Int., 

Washington  25,  D.C. 

15-  16  The  Surgeon  General,  D/a,  Washington  25.  ^  C.  A'i*ni:  KSUR 
17-  19  CoMandlng  General,  U.8.  Continental  iU]^>  Ltiaaiaud,  Ft. 
Monroe,  Ve. 

20  Director  of  Specie!  Weapons  Developnent  Office,  Beed- 

quartere  CONABC,  Ft.  Bliss,  Tex.  ATCN:  Cept.  Cheater  I. 
Peterson 

21  President,  D.S.  kx^/  ArtlUeiy  Board,  Ft.  8111,  Okie. 

22  President,  U.8.  Ar^y  Infantry  Board,  Ft.  Banning,  Ca. 

23  Preeldant,  U.S.  ki^  Air  Dafeoee  Board,  Ft.  Bllaa,  Tex. 

24  President,  U.S.  Arey  Aviation  Board,  Ft.  Rucker,  Ale. 

Ami:  ATBO-X 

25  Coastandlng  General,  First  United  Stetos  Ampr,  Ooverikor's 

Island,  Nev  7ork  4,  R.T. 

26  Coanendlng  Oensral,  Second  U.S.  Arsqr,  Ft.  George  G.  Meade, 

Nd. 

27  CooBandlng  General,  Third  United  SteWs  Anqr,  Ft.  MePhereon, 

Oe.  ATTN:  ACofS  G-3 

26  CoesMindlng  General,  Fourth  United  Gtetee  Ansy,  Ft.  Sea 
Bouaton,  Tex.  ATlIf:  G-3  Section 

29  Cewending  General,  Fifth  United  States  Amy.  I660  B.  Hyde 

Perk  Blvd.,  Chlca^)  15,  lU. 

30  Cneaendlag  General,  Sixth  United  States  Amy,  Presidio 

of  Sen  Franclcco,  Sen  Freneleoo,  Calif.  ATTR:  AMDCT-4 

31  Co—andsmt,  U.S.  Ansy  CoMand  li  General  Staff  Collefe, 

Ft.  leavenvorTh,  Kancae.  ATIV:  ABCHI7IS 

32  Cemendant,  U.S.  Ai'vy  Air  Defense  School,  Ft.  Bllaa, 

Tex.  ATTB:  Cowod  h  Staff  Dept. 

33  Comauifant,  U.G.  Amy  Areored  School,  Ft.  Knox,  Xy. 

34  Ooeaandant,  U.S.  Ar^r  Artillery*  end  NlesUe  School, 

Ft.  Sill,  Okie.  ARR:  Coebet  DovelopMent  Dspertaent 

35  COMandent,  U.S.  Ai^  Aviation  School,  Ft.  Rucker,  Ala. 

36  Comendant,  U.S.  Any  Infantry  School,  Ft.  Banning, 

Ge.  ATTR]  C.D.e. 

37  The  Superintendent,  U.S.  Military  Accdei^r,  Vest  Point, 

N.T.  ATTR:  Prof,  of  Ordnanca 

3fl  rrmeislent  The  n.s.  Ar.--y.  t»», 

7e.  ATTR:  Chief,  9M  Library 

39  CosMandlng  General,  Cteal.:al  Corpe  Training  Coed.,  Ft. 

MeClellan,  Ala. 

40  CcTo^ndant,  DBA  Slgno.!  School,  Ft.  Monaouth,  R.J. 

41  Oevanndant,  CBA  Tranccort  Sebml,  Ft.  ftwtie,  Ta.  ATTR: 

Security  and  T*\fo.  Off. 

rixmeiiillng  General,  The  Bnginoer  Center,  Ft-.  Belvolr,  Te. 
ARlt  Aset.  Qidt,  Aigr.  School 

43  CoaMnding  OeooPal,  kiwj  Medical  Service  Cohool,  Brooke 

Amy  Medical  Center,  Ft.  Sea  Bouaton,  Tex. 

44  Director,  Arsed  Forces  Institute  of  Pe«lh>logy,  Walter 

Reed  Amy  Med.  Center,  6?5  l^th  St.,  VS,  Vaahington 
35,  B-C. 

45  Coasandlng  Offlc.«r,  U.S.  Arnv  Research  Lab.,  Ft.  Knox,  Ky. 

46  Cemandeat,  Ue1  cr  Bead  Am}'  Inst,  of  Bee.,  Walter 

Reed  Avk,  *<  .tal  Center,  Vasblngton  25,  D.C. 

47-  48  Coaaanding  utneral,  <ki  fiJ)  Ccad.,  DM  MD  Cntr.,  Nntlok, 
Mesa.  AITR:  CBR  Llalaon  Officer 


49-  50  Ccnaandlng  General,  <^.  Reaearch  and  Xngr.  Cc*!.,  USA, 
Ratiok,  Mass, 

51-  52  CoMar.ding  Oenex'al,  0.8.  Aray  Chaaloal  Corps,  ISsseareh 
and  Developasnt  Coad.,  Waahlngton  25,  D.C. 

53>  5)1  Camending  Officer,  Cbaaieal  Uerf«i\>  lab.,  Am^ 

Cheaieal  Canter,  Md.  ATTR:  Tec«.  :.lbrazy 

55  Coaaandlng  Ceiuixal,  Engineer  llsaearch  end  Dev.  lab.. 

Ft,  Belvolr,  Te.  ATTR:  Chief,  Tech.  Support  Branch 

56  Director,  Heteivays  Experlaent  Station,  P.O.  Box  63I, 

Tickeburg,  Miss.  ATTR:  Library 

57  Comandlng  Officer,  Dieaond  Ord.  Fuse  Labs.,  Uaehlngton 

25,  D.C.  ATTR;  Chief,  Vucleer  Tulnerebllity  Br.  (230) 
58-  59  CcaMndlng  Oeneral,  Aberdeen  Proving  Orounda,  Md.  ATTR: 
Dlx'ector,  Bellietlcs  Reeeareh  laboratory 
60  C^Mendlng  Officer,  Ord.  Materials  Reeeereh  Off., 
Watertom  Araenal,  Watertovn  72,  Mass. 

ATTIi:  Foster 

6t  Comendlnx  Oeneral,  Ordnance  Tank  Automotive  Comend, 
Detroit  Araenal,  Centerline,  Mich.  ATTR:  OREMC-BO 

62  ComaMlng  Oeneral,  f>Tdnanoe  Amunition  Comend,  Joliet, 

lU. 

63  Comendliig  Officer,  USA  Signal  RAD  laboratory,  Ft. 

Monmuth,  R.J. 

64  Comandlng  General,  U.S.  Arm  Bleotronic  Proving  Oimind, 

Ft.  Buachucs,  Arit.  AnR:  Tech.  Library 
6>  Comandlng  Qaneral,  DBA  Cctfbat  SurveiUanee  Agency, 

1124  B.  Highland  St.,  Arlington,  Fa. 

66  CoMsading  Officer,  USA,  Slgxal  BAS  laboratory.  Ft. 

Monaouth,  I.J.  ATTR:  Taeh.  Doo.  Ctr.,  Ivane  Area 

67  Comandlng  Offieer«  USA  Tmneportetlon  Combat  Development 

Group,  Ft.  Buetle,  Fa. 

66  Dlmetor,  Opamtlona  Reeeareh  Office,  Johne  Bopkine 
DRlverelty,  6939  Arlington  R0.,  Betheade  14,  Md. 

69  Comandant,  D.8.  Amy  Chmleal  Corps,  CBl  Weapons  Bebool, 

Dugwey  Pmviag  Ground,  Dugmy#  Utah. 

70  Cumeander-in-Chief,  D.8.  Arry  Buxope,  ATO  403,  Tork, 

B.T.  ATTF:  Opot.  Dlv.,  Weapons  Br. 
ri  Comandlng  Oensral,  ^I'ethem  luropean  Thek  Fores.  APO 
168,  Rw  Tork,  R.T.  ATiRi  ACofC  •  ; 

72  Comeadlag  General,  Bighth  D.8.  Amy*  APO  30I,  Baa 

Fraaeleoo,  Calif.  ATTR:  ACofS  0-3 

73  CoMMDdlag  Oeneral,  U.S.  Amy  Alaska,  APO  949,  Seattls, 

WssblngtDD 

74  CGmaixdiAg  General,  U.S.  Aim  Caribbean,  Ft.  Aaedor, 

Canal  Zone.  AITR:  QC  Office 

75  Comender- in-Cbief,  U.S.  Arm  Paslx'ie,  Aiv  yyd,  ben 

Freneteeo,  Qallf-  Ami:  Ordnance  Officer 
16  Cn— rifling  0«ir*r.J  ,  DHAIirAR  g  mni.  Ft.  Srooka, 

Puerto  Bleo 

77  Comandlng  Officer,  9th  Bospltal  Center,  APO  lOO,  Rev 
Tork,  R.T.  ATTR:  CO,  US  Arm  Fuclear  Medicine 
Rrsearch  DeUc'muut,  lurope 

HATT  ACriFTTIlD 

YU  Chief  of  Ravel  Operatione,  V/m,  VashinHtou  21*-,  D.C. 

ATDi:  QP-03BU 

79  Chief  of  Ravel  Operations,  D^,  Washington  25,  D.C. 

ATTR;  OP-*’  • 

60  Chief  of  mviil  Operations,  d/r,  Washington  25,  D.C. 

ATTR:  CII»-St:iA 

Bl  Chg«f  of  Raval  ]*srsonoel,  D/t,  Washington  25,  D.C. 

62-  63  Chief  of  Raval  Resaareh,  D,1l,  Washington  25,  D.C. 

ATTR:  Code  au 

64  Chief,  Bureau  of  Raval  Weapons,  D^,  Washington  25,  D.C. 

Ami:  DLl-3 

65  Chief,  Bureau  of  Hedicim  and  Sur^ry,  D/R,  Washington 

25,  D.C.  ATHI:  Special  Vpns.  Def.  Dlv. 

66  Chief,  Bureeu  of  Onhxaaee,  D^,  Washington  25,  D.C. 

87  Chief,  Bureau  of  Ships,  D/R,  Weahingtou  £5.  D.C. 

ATTR;  Code  423 

88  Chief,  lureeu  of  Terds  end  Doeks,  D/1,  Weshlngtoti  25, 

D.C.  ATTR:  D-440 
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89  I'lrMtor,  0.8.  ■•■•woh  Labontory,  Mchlnffton 

29,  C.C.  ATIV:  ll>«.  btbtriai.  I.  Cwt 
jO'  91  pair,  D.I.  ■•VPi  Ord&itnM  lAborptorT,  tfhit*  Oak, 

BiiTvr  spvipc  19,  ;u. 

92  Dimtor,  MkUrUl  JAb.  (Oodt  9OO),  8m  Toi^  IptpI 
Sbtiqrard,  BruoklTn  1,  I.T. 

93>  96  CoMudltic  OfflMr,  0.8.  Hktrpl  ABAlolocloiU.  0«f«nM 
I/.borktory,  fipn  fEvtolfioo,  ATIV:  *%6A. 

xn2o.  DlT, 

97'  98  CoMtndb^  Offle«ar  •oi  Dlr«oior,  U.8.  lt«v«l  CtvlX 
>a(ijxMrlnc  lAboratorjTi  Port  RiMnwM,  Cplif, 

ATV:  Coda  L31 

99  SuparlQtondant,  0.6.  ■•▼•I  AoadMi,  Annapolla,  Hd. 

]00  CocMndlnc  Offleor,  0.8.  Raral  School*  CoMMod,  0.8. 

lC*?4l  StctlOHi  Tx^curo  Island,  San  franolaco,  Calif. 

101  Suparlntandaiit,  0.6.  Varal  Poat^raduata  bchool,  Montaray, 

'  Calif. 

102  Offiear-ln-Charca,  O.S.  laral  Sabool,  CIC  Offteara,  0.8. 

laval  CoaatnMtion  Bn.  Cantar,  Port  SuanaM,  Calif. 

103  CoMandtnc  Offloar,  luclaar  V«>*poaa  Tralnlnc  Cantor. 

Atlantia.  0.8.  laral  Mea,  Norfolk  U,  Tk.  ATTti: 

Vuelnar  Warfar*  Oopt. 

\A  CoaundlM  Offlcar,  Vualaar  Waapona  Tralnlnc  Cantar. 

Paolf^e^  Paral  Station,  8aii  Diego,  C-a<lf, 

10^  CcMnx^lng  Of  fleer,  0,8.  lhaal  Tkaaga  Control  Tng. 

Cancer,  K.%ral  Baae,  phUadalphla  12,  Pa.  Affll:  ABC 
Dafanae  Couraa 

106  CoManding  Offlear,  0.8.  RaTal  Air  DaTalopnant  Cen*^*r. 

Jobnavllla,  Pa.  ATTV:  BAD,  Librarian 

107  OoMiandlog  Offloar,  0.8.  Haral  Medical  Baaaareh  tnatliuta, 

Rational  laral  Medical  Cantar,  Bathasda,  Md. 
lOS  CoaMandar,  0.8.  laral  Ordnanoa  Tact  Station,  China  laha, 
Calif. 

109  CoMandlng  Officar  and  Dlr«etor,  David  U.  Tkylor  Modal 

Btaln,  Vaahlogton  7,  D.C.  ARV:  Llbr^ty 

110  Offlcar«ln-'Chargn,  0.8.  laral  Supply  Baaaarck  and 

OaralopMnt  Paolllty*  Inral  Supply  Cantar,  BayonzM, 

I.J. 

111  Coaaandor,  lorfolk  laral  Shipyard,  PortMouth,  Ta.  aRV: 

Ondarwatar  Ixploalona  Boiaareh  Dlrlaion 

112  Caanaodar-ln«Chlaf,  0.8.  AtULtle  Pleat,  0.8.  Mral 

Baae,  lorfolk  11,  7a. 

113  CoMndant,  0.6.  Marin*  Corpa,  Vaahlngton  29,  D-C. 

ArOI:  Coda  4031 

Ilk  DlmetaTf  Harlaa  Cerpa  tending  Porca,  £-(/alopn*nt 
Cantar,  ICS,  Qunntloo,  7a. 

119  Chief,  Bureau  or  Bblpa,  0/1,  Washington  29,  D.C.  ATTV! 

Code  372 

116  rnManillni  Officar,  0.8.  laral  CIC  Sobool,  0.8.  lavaX  Air 
Station,  Olyneo,  Brunavlck,  Oa. 

U7  Chtaf  of  laral  Oparatlons.  Dspartaant  of  th*  Vary,  Vnahlng* 
ton  29.  D.C.  ATTl!  0r-02e9 

116  Chief,  Bureau  of  Naval  Weapons,  Navy  DaparUMnt,  Vaahlng> 
too  29.  D.C.  .ATTV:  nU2 

119  Oaw>iUd«r-ln'’Chiaf,  0.8.  Paelfic  Pleat,  Pleat  Post 

Office,  Ban  Pranclaco,  Cailf. 

AH  ponci  ACTI7IT1B 

120  Deputy  Chief  of  Staff,  Oparationa,  ■).  OBAP,  Vaahlngton 

D.C.  Am:  APOOP 

121  Bq.  U3AP,  ATTV:  Oparatlons  Analysis  Of^lea.  Office,  vie* 

Chief  of  Staff,  Va«':..i^:con  <!'j,  0.  C 

122  Direotor  of  Clril  Baglnearacy.  tti.  OBAP,  Waahlngtc**.  29,  D.^. 

ATIVi  AP0CI*n 

123-133  Air  PoJNa  Intelllganes  Cantav,  B(|.  V8AF*  ACS/X 
(Aica*371)  waahtngteB  D.C. 

1?'-.  Dtraetof  of  Mseaareh  and.  Dsvaicpnant,  DC8/S,  B).  OSAP, 
eaaulugtwh  29,  D.C.  ATlIi:  Oildaosa  and  Vaapvca  Dir. 

13^  IMa  Burteon  Oaaaral,  Bl.  OBAV,  Vasblngton  29^  D,C. 

AnV:  Bio.-Dnf.  Pro.  Med.  Dlrlaion 

136  OOMnnder,  IMetlaal  Air  Coranod,  Langley  APB,  7a.  ATTV: 

Doe.  8eeurlty  Sraneb 

137  ceanadar.  Air  Defeosa  Co— nd,  Kit  APB,  Colerade. 

AfBIt  AastetMt  for  At'jnla  Bnargy,  ADUC-A 
136  Co— aAer,  Iq.  Air  Bsaeureh  and  Darelop—it  Oca n^, 

Aadrewn  A»,  Veahl^.t,  29,  D.C.  ARVt  «WA 
139  C— eadny,  Air  *'-.‘'.latle  Ntsall*  Dir,  IK.  ABC,  Air 

fores  Imlt  Post  .I't^aa,  Lea  Angsles  t9,  Calif.  ARVi  MD80T 


140-141 

142-146 

147-148 

149 

'90 

151 

192-194 

199-1‘j6 

157 

190 

199' 

160 

161 
16^* 


163 

164 
169 
166 
167 

168-171 

172 

173 
174-179 

176 

177 

176 

179 

160 

181 

182 


183  189 
186-187 
188-192 
193-202 
203 
204-239 


Cnasndsr,  AT  Canbrldg*  Bssaareh  Canter,  L.  G.  Hansec* 
Plaid,  Bedford,  Hass.  ATIV:  CID8T-2 
Coanandcr,  Air  Fore*  Special  Waapona  Cantar,  Klrtlond  AJ1, 
Albuquerque,  I.  Has.  ATTV:  Tech.  Info.  A  Intel.  Dir. 
Director,  Air  OnWaralty  Library,  Mojcwall  APB,  Ala. 

Ci— indsr,  Lowry  Taohnlcal  Training  Center  (TV), 

Lowry  APB,  Danrar,  Colorado. 

CevaMHdant,  School  of  Arlation  Madle^jia,  U3AF  Aerospace 
Madlcel  Cantar  (ATC),  Brooks  Air  Pore*  ^ata,  Tai, 

ATTN:  Col.  Gsrritt  L.  Uakhula 

Coenandar,  10O9th  Sp.  Wpna.  aquadron,  11).  U8AP,  Weshlng1.on 
29>  D.C. 

Co—indsr,  Wright  Air  Daralopsant  Cantar,  Wright -Pattoraon 
AFB,  Dayton,  Ohio.  aTTR:  WCACT  (Por  WCOtti; 

Director,  TIBAP  Project  BAND,  7IA:  USAP  Llalaon  Office, 

■m*  BAND  Corp. ,  1700  Main  St.,  Santa  Monica,  Calif. 

C<— aadar.  Boas  Air  Daralo— nt  Canter,  AXDC,  Qrlfflaa 
APB,  I.T.  ARI:  DoouMrts  Library,  IIC86L-I 
CoHandar,  Air  Teehnleal  Intalllfsoea  Cantar,  OBAP, 
Wrigbt-Pattaraon  AFB,  Ohio.  ARV:  A/CII-hBla,  Library 
Baadquartars,  1st  Mlsall*  Dlw.,  UBAP,  Vandsnbarg  AFB, 

Calif.  ATTV:  Operations  Analysis  Cfflcs 
Ai-KiBtant  Chief  of  Staff,  Intalllganca,  Hq.  USAFV,  APO 
63;.,  N*w  Tr.r*’,  N.T.  ATTV:  Dlraetorat#  of  Air  Ikrgata 
C(Mand*r,  Alaskan  Air  CoaMnd,  AK>  942,  Saattla, 

Washl'oijton.  ATTV:  AA‘»n 

tn  r*-1sf.  Pacific  Air  Foroas,  APO  993,  9»n 
Francisco,  Calif.  ATTV:  PFCH-NB,  Bass  Raooveiy 

arm  mABDavT  of  nmai  aoriviTiBs 

Director  of  Dsfanse  Baseareh  and  Inglnasring,  Washington  29, 
D.C.  ATTV:  Tseh.  Library 

Chalnsan,  Aiaad  Berrlces  Bzplosivet  Safety  Board,  DOD, 
Killdlng  T-7,  Oravally  Point,  Washington  29,  D.C, 

Direetor,  Waapons  Systses  Bsaluatlon  Group,  Vooe  IS660, 

The  Pentagon,  Washington  29,  D.C. 

Ccaeandant,  Tha  Industrial.  Collsgs  of  The  Areed  Vorees, 

Pt.  Kclalr,  Washington  29,  D.C. 

Cl— nrtent,  A—d  Porcet  8Uff  CoLLage,  RorfoU  U, 

7a.  ATBli  Llbiwry 

Chief,  Defense  Atosile  Support  Agency,  WMblngtcn  29,  D.C. 
ATTI:  Doeunant  Library 

Co— ndar,  Plaid  Ociaad,  DAAA,  Baodla  Base,  Albuquarqua, 

I.  Mm,, 

Ociaodar,  Plaid  Co— ud,  XWWM,  Sandla  Base- 
I.  Mm,  ARVi  PCra 

OcHaader,  field  Ooi—nd,  DABA,  SandU  Base,  Albuquerque, 

I.  Max.  ARV:  fCVr 

Co— nder,  JTT-T»  Arltngton  Ball  Bteticu,  Arllagtoc  12,  7a. 
Atelnlstrator,  Vatlonal  Aeronautics  and  Bpeoe  Atalnla- 
tratlon,  1920  ”H*  8t.,  I.V.,  Vaahlngton  29,  D.C.  ARV: 

Mr.  B.  7.  Bboda 

Oo— uader-ln-Cblnf,  Btrateglo  Air  Ooenaad,  Offutt  APB, 

Bob.  JOlVi  QAW 

Co— ndsBt,  DB  Coast  Ounrd,  1300  B.  Bt.,  B.W.,  UashingtOD 
29,  D.C.  tfTB:  Cdr.  B.  1.  Xolkborst 
Cc— nder-tn-Cbtef,  ncCM,  APO  120,  law  Tork,  I.T. 

Cn— ilsr-ln-Chief,  Pacific,  e/o  Plaet  Post  Off  1m,  San 
Pranclsco,  Calif. 

U.l.  Docu— is  Offleor,  OfflM  of  the  Dnited  Stataa 
National  Military  BenraaanUtlTa  -  OAPB,  APO  99, 

Raw  Tort,  N.l. 

ATOUC  nu!  CCMUBBXCV  AT.ITITIBB 

U.S.  Atoelc  Jkiariy  •k—iaalon,  TaehnUaL  Llbiary,  Haabing- 
ton  29.  D.C.  ATW:  For  BU 

Loi  Alaeo-.  dclantific  laboratory,  Maport  Llbmiy,  P.O. 

>ox  xdi,  Id,  kum,,  a.  Mu.  A-Oi!  aun 
Bandla  Corporation,  Clasalfied  Doeuaant  Dlwlalon,  8aadla 
Base,  Albuquerque,  V.  Max.  AtlVs  H.  J.  Sayth,  dr. 
Dnlraralty  of  California  levranca  BadUtioo  Icbontory, 

P.O.  Box  806,  Uramore,  Calif.  ATTl:  Ciowia  0.  Cmlg 
Weapon  Data  Section,  Office  of  Taohnlcal  Infomatlon 
txtanslOD,  Oak  Bldg*,  Tann. 

Office  of  Taohnlcal  Infomatlon  extension.  Oak  Bldga, 

Tanr.  (Ourpl'is) 
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Defense  Special  Weapons  Agency 

6801  Telegraph  Road 
Alexandria,  Virginia  22310-3398 


TRC 


27  August  1998 


MEMORANDUM  TO  DEFENSE  TECHNICAL  INFORMATION  CENTER 
ATTN:  OCQ/Mr  William  Bush 


SUBJECT:  CLASSIFICATION  CHANGES 


The  Defense  Special  Weapons  Agency  Security  Office  has  reviewed  and  declassified  the 
following  documents  and  distribution  statement  A  now  applies: 

WT-1631,  AD-355505 
WT-1619,  AD-357951 

Also  WT-16 19-EX  should  be  withdrawn  from  the  system. 

Also  WT-1637,  AD-339275,  has  been  downgraded  to  Confidential  FRD. 

(J'}  '\JUJJi 

ARDITH  JARRETT 

Chief,  Technical  Resource  Center 


